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I. INTRODUCTION 
As the manager of a firmt a farmer is responsible for deciding the 
combination of crop enterprises which is roost likely to maximize his 
profits. The crop combination may be different from farm to farm even 
though soil type and other physical characteristics are the same. Since 
the quantity and proportion of resources required for the production of 
each crop is different, a farmer's opportimities are conditioned by his 
supply of resources. For example, a farmer who is well financed has 
opportimities which are not shared by those who are short of capital. 
Likewise, a farmer who has a large supply of family labor is less 
restricted in his choice of crop enterprises than a farmer who has only 
his own labor. 
Typically, the resource supply varies from farm to farm within a 
region and from farming area to farming area. On a particular farm 
the different crops which can be grown "compete" for the available 
resources. That is, the decision to grow a certain acreage of one crop 
requires that the opportunity of growing some acreage of another crop 
be foregone."^ It is true, therefore, that many combinations of several 
crops may be grown with a given set of resources. In most instances 
only one combination will maximize revenue. 
The rate at which one crop substitutes for another will depend 
on the most limiting resource required by both. 
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A. Objective 
The main objective of this study is the determination of crop com­
bination which will maximize revenue tinder a number of resource 
situations and for the major soil types of Iowa. The linear program­
ming technique has been used for this analysis. The testing of this 
technique as a means of determining the optimum allocation of 
resources within a farm enterprise is a second objective of the study. 
B. Sample 
The group of townships used in this study is a judgment sample 
selected with the intention of including townships which are representa­
tive of homogeneous soil types. * Each major soil type of the state is 
represented by one township. An exception is made for Clarion-
Webster soils which, to allow climatic differentials to be shown, are 
represented by Harrison Township, Kossuth County, and Lincoln Town­
ship in Polk Coimty. Harrison Township, Benton County, and Oakland 
Township, Louisa County, represent sandy loam and bottom land soils, 
respectively. Table 1 includes a list of the selected townships, the 
county location and the soil type represented by each. The county 
location is also shown in Figure 1. 
The crops considered in this study are those normally grown in the 
townships selected. Com, oats and soybeans are included in all 
>jc 
The sample was selected by A. A. Aandahl, Soil Subsection, Iowa 
State College and Division of Soil Survey, B. P. 1., United States 
Department of Agriculture. 
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Table 1. Selected townships, the county location 
and the soil type represented 
Township County^ Soil type 
Washington Appanoose Shelby-Seymour-Edina 
Harrison Benton Sandy loam soils 
Troy Clarke Grundy-Haig -Shelby 
Grand Meadow Clayton Tama-Downs 
Saratoga Howard Carrington-Clyde 
Harrison Kossuth Clar ion - Web s te r - Nic olle t 
Cedar Lee Grundy-Haig 
Oakland Louisa River bottom soils 
Logan Lyon Moody 
Jordan Monona Ida - Napie r - Monona 
Lincoln Montgomery Marshall 
Lincoln Polk Clar ion - Web s te r - Nic olle t 
Sheridan Scott Tama - Muscatine -Gar win 
Reading Sioux Galva -Pr imghar - Sac 
Henceforth the locations will be referred to by the township name 
only. Exceptions are made in the case of Harrison Township, Benton 
Coxmty and Harrison Township, Kcssuth County which are referred to 
in the tables as Harrison B and Harrison K. Lincoln Township in 
Montgomery County is referred to as Lincoln M and in Polk County 
as Lincoln P in the tables. The county names are included when these 
townships are referred to in the text. 
Fig. 1. Outline map of Iowa showing location of sample townships 
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townships. Flax is included in Harrison Township, Kossuth Covinty; 
Logan Township. Lyon County; and Reading Township, Sioux County; 
wheat is included in Cedar Township, Lee County; Jordan Township. 
Monona County; Lincoln Township, Montgomery County; Lincoln 
Township, Polk County: and Sheridan Township, Scott Coimty. 
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n. RESOURCE QUANTITIES 
It was suggested that the optixnuxn combination of crops differs from 
farm to farm largely because of differences in resource quantities 
available. A number of resource situations was selected for each town­
ship. A production program was determined for each of these situa­
tions in each location. The available resource quantities are explained 
below. 
A. Land 
One hundred and sixty acres is used as a basic farm size in each 
soil zone. From 160 acres, six acres were deducted for roads and 
building area. The remaining 154 acres were assumed to be suitable 
for cultivated crops. Township data were used to arrive at the average 
hay acreages for the last ten years. On the basis of these data appropri­
ate deductions were made from 154 acres for rotated pasture, hay land 
and oats seeded as a nurse crop. The remaining acreage is available 
for the competitive crops, corn, oats, soybeans and in some areas, 
flax or wheat. This acreage is indicated for each township in Table 2. 
The method of compviting these quantities is shown in Appendix A. 
The most common farm size in Iowa is 160 acres. However, farms 
in some areas are larger and in others smaller. The computational 
procedure is not invalidated by selection of one size. Constant coeffi­
cients of production are assumed in linear programming. Therefore, 
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Table 2. '*Minim\ixn" hay and nurse crop acreage and 
acreage available for competitive 
crops 
Township 
Miniznuxn Nurse crop 
acreage (oats) 
Acreage available 
for competitive 
crops 
Washington 45.5 41.1 67.4 
Harrison B 61.2 24.5 68.3 
Troy 38.0 36.5 79.5 
Grand Meadow 68. 7 44.6 40. 7 
Saratoga 43. 2 36. 1 74. 7 
Harrison K 23.6 13.9 116.5 
Cedar 27.8 22.2 104.0 
Oakland 38.0 24.8 91.2 
Logan 20.1 11.4 122.5 
Jordan 31. 1 15.9 107.0 
Lincoln M 36.0 24.0 94.0 
Lincoln P 30.4 17.3 106.3 
Sheridan 33.5 17.6 102.9 
Reading 15.2 9.8 129.0 
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the resoixrce inputs per acre of each crop are the same regardless of 
farm size. 
It was indicated above that only corn. oats, soybeans and in some 
cases wheat and flax are included as crop opporttinities. In general, 
the farmer will be following some fairly well defined rotation from 
which he will not choose to deviate markedly in any one year. This 
rotation is assumed to include the average forage acreage. The aver­
age for the township is assximed to be a "minimum" acreage of forage. 
Lower grain yields than were observed would be associated with a 
smaller than the "minimum" forage acreage since forage contributes to 
soil fertility and erosion control. However, an extension of the forage 
acreage will result in a smaller output of grain. Figure 2 indicates 
this relationship. GF is the production opportunity curve and PPj (iso-
revenue curve) indicates combinations of the two crops, grain and for­
age, which result in the same total revenue being earned. The poinf of 
tangency between an iso-revenue cxirve and the production opportimity 
curve indicates the profit maximising combination of grain and forage. 
It is assumed that farmers produce at least F^ forage, the "minimimi" 
forage acreage. Any smaller amount of forage results in less grain 
being produced. The quantity beyond F^ to which the production of 
forage may be taken depends on the price ratio of forage and grain (iso-
revenue curve). However, the price data used in this study indicates 
that profit will not be maximised if more than the "minimum"(F^) forage 
is grown. Therefore, forage was not included as a crop opportunity. 
S O - R E V E N U E  
C U R V E  
P R O D U C T I O N  
P O S S I B I L I T Y  
C U R V E  
F F 
F O R A G E  I N  T O N S  
. 2. Optimum eombinatioa of grain and forag* 
for giv«a prie* ratio and production 
possibilitios 
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B. Labor 
The quantity of labor available is important in determining the opti­
mum crop combination. Therefore, three labor quantity situations are 
used to illustrate the effect of different levels of this factor on the revenue 
maximizing program. In the first situation only the farm operator's 
labor is available. Some hired labor is available at harvest time; how­
ever, this is equivalent to a capital service expense. The operator's 
total labor was set at 260 hours per month. This quantity was adjusted 
to provide for the time required in livestock care and the handling of 
forage and nurse crops. The method used to arrive at the amount of 
the operator's labor committed in this manner is shown in Appendices 
B and C. 
After the reqxiirements for the livestock enterprise were deducted 
from 260 hours, the remainder was compared with the hours of favor­
able weather in the corresponding month, The smaller of the two 
figures (the remainder or the hours of favorable weather) was considered 
the time which the farm operator could devote to the production of field 
crops. The number of hours in each month which were necessarily 
conmiitted to forage and nurse crop production was deducted from this 
figure. The resulting number of hours is the quantity of labor which is 
available for the competitive crops. An example of the method used in 
The daily work records of the Agronomy Farm at Ames, Iowa, were 
used to estimate the time available for field operations during the grow­
ing season. The average number of hours per month suitable for field 
operations is shown in Appendix O. 
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computing the quantity of operator's labor available for competitive crop 
production is shown in Table 3. Washington Township was used in the 
example. The labor supply for competitive crops in each township is 
shown in Table 4. 
The second labor situation includes the operator's labor, as in the 
sit\iation discussed above, plus 130 hours of family labor in each of June, 
July and August. The total hours of labor available for competitive 
crop production in each township under the second situation is listed 
by months in Table 5. 
The third labor situation assumed that the quantity of labor is un­
limited. That is, labor can be hired in any quantity desired in each 
month. Labor thus becomes equivalent to a capital expense. 
C. Capital 
Three capital situations were used. The first level. $1,893.51, is 
the estimated average capital expense by all Iowa farms in 1952. This 
estimate is based on a survey conducted in 1951 and adjusted by the 
Iowa farm price index. The second level is 150 per cent of the above 
amount, or $Z, 840. 27. The third situation assimies capital is imlimited. * 
Not all of each of these quantities is available for competitive crop pro­
duction, however. Certain acreages in each area are committed to the 
production of hay and pastxire. The seeding and harvesting of these crops 
and the oats seeded with them as a nurse crop has a prior claim on the 
Unlimited capital means the farmer can acquire all the capital which 
he considers it profitable to use in his farming operations. 
Table 3. Method of computing operator's labor available by months for 
competitive crop production in Washington townsMp 
March April May June July Aug. Sept. Oct. Nov. Dec. 
Total working 
hours per month 260 260 260 260 260 260 260 260 260 260 
Livestock re­
quirement 81.5 73.6 60.6 50.9 51.3 54.9 52.4 59.3 63.9 72.5 
Difference 178.5 186.4 199.4 209. 1 208.7 205.1 207.6 200.7 196.1 187.5 
Ho\irs of favor­
able weather 26.5 183.8 207.5 201.3 237.6 232.0 232.0 241.0 167.5 260 
Hours available 
for crop pro­
duction 26.5 183.8 199.4 201.3 208.7 205.1 207.6 200.7 167.5 187.5 
Hours committed 
to production of 
"m4wiTrmm" hay 
and nurse crop 14.6 36.8 95.6 155.1 85.4 48.1 
Remaining hours 
available for 
competitive 
crops 11.9 147.0 199.4 105.7 53.6 119.7 159.5 200.7 167.5 187.5 
Table 4. Operator's labor available in hours per month for competitive 
crops by townships 
Township March April May June July Aug. Sept . Oct. Nov. Dec. 
Washington 11. 9 147. 0 199.4 105. 7 53. 6 119. 7 159. 5 200. 7 167.5 187. 5 
Harrison B 17. 8 119. 4 158.8 118. 2 82. 4 120. 1 142. 0 165. 7 158.8 146. 9 
Troy 13. 5 134. 6 184.6 129. 6 75. 0 117. 3 168. 1 188. 5 167.5 168. 2 
Grand Meadow 10. 7 45. 6 105.6 49. 3 -22. 6 27. 2 77. 8 110. 3 106.3 91. 8 
Saratoga 13. 7 82. 5 132.9 114. 3 53. 0 69. 2 133. 1 136. 8 132. 1 118. 4 
Harrison K 21. 6 142. 1 167.7 143. 3 123. 1 148. 7 155. 4 173. 4 167.5 160. 8 
Cedar 18. 6 162. 4 193.7 155. 6 123. 8 154. 5 179. 5 197. 3 167.5 182. 9 
Oakland 17. 7 141. 1 178.8 158. 4 119. 8 143. 1 173. 0 187. 9 167.5 163. 9 
Logan 22. 5 112. 8 140. 1 118. 1 102. 2 127. 7 128. 8 146. 2 141.7 130. 9 
Jordan 20. 9 169. 6 198.8 138. 5 123. 1 174. 6 161. 5 202. 9 167.5 194. 2 
Lincoln M 18. 0 134. 3 170.9 131. 1 95. 9 132. 9 153. 4 177. 9 167.5 161. 3 
Lincoln P 20. 4 168. 3 197.5 155. 6 134. 2 169. 4 173. 9 200. 3 167.5 189. 8 
Sheridan 20. 3 114. 4 146.1 100. 6 77. 3 120. 9 120. 2 152. 1 147.0 134. 7 
Reading 23. 0 128. 7 152.2 136. 0 122. 3 141. 6 146. 0 158. 4 154.5 145. 3 
Table 5. Operator's and family's labor available in hoixrs per month 
for competitive crops by townships 
TownsHip March April May June July Aug. Sept. Oct. Nov • Dec • 
Washington 11. 9 147. 0 199. 4 235. 7 183. 6 249. 7 159. 5 200. 7 167. 5 187. 5 
Harrison B 17. 8 119. 4 158. 8 248. 2 212. 4 250. 1 142. 0 165. 7 158. 8 146. 9 
Troy 13. 5 134. 6 184. 6 259. 6 205. 0 247. 3 168. 1 188. 5 167. 5 168. 2 
Grand Meadow 10. 7 45. 6 105. 6 179. 3 107. 4 157. 2 77. 8 110. 3 106. 3 91. 8 
Saratoga 13. 7 82. 5 132. 9 244. 3 183. 0 199. 2 133. 1 136. 8 132. 1 118. 4 
Harrison K 21. 6 142. 1 167. 7 273. 3 253. 1 278. 7 155. 4 173. 4 167 .5 160. 8 
Cedar 18. 6 162. 4 193. 7 285. 6 253. 8 284. 5 179. 5 197. 3 167. 5 182. 9 
Oakland 17. 7 141. 1 178. 8 288. 4 249. 8 273. 1 173. 0 187. 9 167. 5 163. 9 
Logan 22. 5 112. 8 140. 1 248. 1 232. 2 257. 7 128. 8 146. 2 141. 7 130. 9 
Jordan 20. 9 169. 6 198. 8 268. 5 253. 1 304. 6 161. 5 202. 9 167. 5 194. 2 
Lincoln M 18. 0 134. 3 170. 9 261. 1 225. 9 262. 9 153. 4 177. 9 167. 5 161. 3 
Lincoln P 20. 4 168. 3 197. 5 285. 6 264. 2 299. 4 173. 9 200. 3 167. 5 189. 8 
Sheridan 20. 3 114. 4 146. 1 230. 6 207. 3 250. 9 120. 2 152. 1 147. 0 134. 7 
Reading 23. 0 128. 7 152. 2 266. 0 252. 3 271. 6 146. 0 158. 4 154. 5 145. 3 
Table 6. "Minimum" hay acreage, annual capital expense for "minimum" 
hay and nurse crop and capital available for competitive crops 
under three levels of availability 
"Minimum" Annual capital expense I'otal capital Total capital Unlimit^ 
Township hay acreage for "minimum" hay at $1893.51 at $2840.27 capital 
and nurse crop 
Washington 45.5 $1613. 24 $ 280.27 $1227.03 Unlimited 
Harrison B 61. 2 942. 77 950.74 1897.50 Unlimited 
Troy 38.0 1372. 26 521. 25 1468.01 Unlimited 
Grand Meadow 68. 7 1545. 67 347.84 
329.83® 
1294.60 
1278.59® 
Unlimited 
Saratoga 43. 2 1120. 47 773.04 1719.80 Unlimited 
Harrison K 23.6 527. 63 1365.88 2312.64 Unlimited 
Cedar 27.8 846. 47 1047.04 1993.80 Unlimited 
Oakland 38.0 764. 87 1128.64 2075.40 Unlimited 
Logan 20.1 466. 48 1427.03 2373.79 Unlimited 
Jordan 31. 1 696. 44 1197.07 2143.83 Unlimited 
Lincoln M 36.0 885. 05 1008.46 1955.22 Unlimited 
Lincoln P 30.4 691. 34 1202.17 2148.93 Unlimited 
Sheridan 33.5 768. 63 1124.88 2071.64 Unlimited 
Reading 15.2 398. 26 1495.25 2442.01 Unlimited 
July labor requirement in Grand Meadow Township was more than could be supplied by the 
operator alone. In the situations where no family labor was available an additional labor charge 
was made which reduced the quantity of available capital. 
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available capital. Only the remainder, after the e3q>en8e of seeding and 
harvesting forage and nurse crops has been taken into consideration, 
is available for competitive crops. The "minimiun" hay acreage per 
farm for each area is shown in Table 6. The amount of capital 
expense necessary to produce the "minimum" hay acreage and the 
oats seeded as a nurse crop with it is shown. The expense involved 
in forage and nurse crop production is subtracted from the capital 
levels specified. The remainder in each case is the amount avail­
able for competitive crops \mder the three situations. The amounts 
are included in Table 6. It is likely that hay acreage would be 
reduced or eliminated under conditions of extreme capital limita­
tion even though soil damage might be serious in its absence. The 
hay acreage has been included in this analysis to illustrate the con­
sequences of extremely low levels of available capital. 
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m. RESOURCE REQUIREMENTS 
Constant coefficients of production are assumed in linear program­
ming. That is, resources are used in the same proportions, in produc­
ing successive units of a crop, throughout the production plan. If x 
units of capital are combined with y units of labor and z units of land 
to produce one bushel of corn, then 2x units of capital, 2y \mits of labor 
and 2z units of land are required to produce two bushels of corn. Thus, 
when constant coefficients of production are assumed, constant returns 
to scale are assumed also. Traditionally this concept has been denied 
in agriculture, probably because most analysis was concerned with the 
application of varying quantities of labor and capital to a fixed quantity 
of land. However, this is a question of proportionality rather than 
scale. ^ 
The quantity of each resource which is required per unit of product 
will be referred to as the input coefficient. In this analysis the annual 
capital expense involved in producing one bushel of corn in a particular 
area is the capital input coefficient, or simply the capital coefficient, 
for corn in that area. The labor required, in any month, for each 
bushel of a particular crop is the labor coefficient for the month being 
considered. Land coefficients are fo\md in the same way. 
^Heady, Earl O. Economics of agricultural production and resource 
use. New York, Prentice-Hall, Inc. 1952. pp. 349-358. 
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A. Capital Coefficients 
The estimated annual capital expenditure involved in producing an 
acre of each crop was determined for all locations considered. The 
total capital expenditure includes both fixed and variable costs. The 
former are considered to be the same per acre in all localities, while 
the variable costs differ depending on yield. Hired labor required 
during harvesting is included as a variable cost. The capital require-
ment per acre for each crop is shown in Table 7 for all areas. An 
explanation of the method used in deriving these quantities is included 
in Appendix E. 
B. Labor Coefficients 
The labor requirements of each crop are specific as to time. That 
is, the services required of labor in seeding time cannot be delayed 
until some later date. Therefore, labor has been considered a separate 
resource in each month during which crop production is carried on. The 
requirement of operator's labor in the production of each crop has been 
divided into separate resource inputs by months. These quantities are 
shown in Table 8. The total labor input per acre, however, includes 
the quantities which appear in Table 8 plus hired labor. The latter was 
referred to in the section dealing with capital expenses. 
The resource inputs were calculated on a per acre basis. In obtain­
ing a solution by the linear programming method, it is more convenient 
to use resource requirements per bushel of each crop. Consequently, 
Table 7. Capital reqtiireznent per acre for each crop opportunity-
Township Corn Oats Soy-beans Flax Wheat Red clover- Alfalfa- Rotated 
timothy* brome pasture 
Washington 19. 49 14. 73 17. 98 21. 13 27. 92 8. 13 
Harrison B 21. 61 16. 51 19. 19 23. 63 30. 42 9. 45 
Troy 20. 21 15. 27 18. 55 21. 50 28. 29 8. 50 
Grand Meadow 21. 16. 
"b 18. 68, 22. 2-? 17. 74° 19. 21° 23. 98 30. 30 8. 86 
Saratoga 19. 80 15. 57 18. 32 22. 38 28. 70 8. 67 
Harrison K 21. 00 15. 99 18. 72 17. 05 23. 02 29. 10 8. 84 
Cedar 20. 71 15. 35 18. 50 17. 56 22. 21 29. 23 8. 50 
Oakland 21. 43 16. 28 19. 46 23. 66 29. 98 9. 48 
Logan 20. 48 15. 89 18. 62 17. 03 23. 45 30. 00 8. 80 
Jordan 20. 90 15. 82 18. 96 17. 55 22. 13 29. 39 9. 13 
Lincoln M 21. 10 15. 79 19. 11 18. 01 23. 15 29. 47 9. 21 
Lincoln P 23. 28 17. 72 20. 65 19. 20 24. 74 31. 53 10. 56 
Sheridan 22. 58 16. 87 19. 64 18. 53 24. 39 31. 66 9. 51 
Reading 20. 88 15. 72 18. 74 16. 97 23. 64 30. 20 8. 76 
Capital service inputs for hay are on a county basis. 
^The Jtily labor requirement in Grand Meadow Township, Clayton County, was more than 
could be supplied by the operator alone. In the situations where no family labor was available 
additional labor had to be hired which increased the capital service input. 
Table 8. Labor req\iirexnent per acre by months and anniial requirement 
per acre for each crop opportunity 
Crop March April May June July Aug. Sept. Oct. Nov. Dec. Total 
Alfalfa-brome 4.5 2 3.85 3.25 11.6 
Red clover-
timothy 1.52 1.204 . 228 . 53 2 3.5 
Com .826 1.540 .917 .749 .140 1.036 1.428 .364 7.0 
Oats .355 .895 1.875 1.875 5.0 
Soybeans .588 1.458 .870 .666 .174 2.244 6.0 
Flax .355 .895 1.875 1.875 5.0 
Wheat 3.810 . 762 1.428 6.0 
Based on a report by United States Department of Agriculture, Iowa Agricultural Experi­
ment Station and Iowa Agrictiltural Extension Service cooperating. Iowa wartime maximum 
agricultural capacity. Unpublished report. Ames, Iowa, Iowa State College. 1943. Mimeo. 
rept. p, 18. 
21 
the capital expense and labor inputs per acre are divided by the yield 
per acre for each area to arrive at the appropriate input per bushel. 
Since the land input per acre is one acre, the land coefficient per 
bushel is the reciprocal of the yield. 
22 
IV. PRICES AND YIELDS 
A. Prices 
A profit maximizing production plan was determined for each town­
ship and resource sitxiation using two different price periods. Average 
prices for the period 1948 to 1952 were computed for each crop. In 
selecting a second price situation it was desired to find a period in 
which price ratios showed a marked difference. As will be indicated 
below, price ratios are more important than price levels in selecting 
combinations of crops. The period 1941-1944 was used to compute 
the second price situation. In this period oats and soybeans were rela­
tively higher, compared to corn, than they were in 1948-1952, while 
flax and wheat prices were low relative to corn in the 1941-1944 
period. Since the capital costs or expenses per acre shown previously 
refer to the 1948-1952 period, the second price situation was adjusted 
to the 1948-1952 level. The method used in computing the two price 
situations is discussed in Appendix F. The average prices for each 
period and the adjusted 1941-1944 price level appear in Table 9. 
B. Yields 
Township yield data weie obtained for each crop for the period 
1917 to 1952. Open pollinated corn yields were corrected to hybrid 
basis and simple regression coefficients were computed using time in 
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Table 9. Average price per bushel for each crop opportunity. 
1948-1952 and 1941-1944, and 1941-1944 average 
prices adjusted to 1948-1952 level 
Crop 1948-1952* 1941-1944* 1941-1944 ratios 
adjusted to 1948-
1952 level 
Corn ^1.43 0
0 
<1.43 
Oats . 76 .57 .92 
Soybeans 2.54 1.74 2.80 
Flax 3.97 2.44 3.92 
Wheat 2.03 1. 22 1.96 
Compiled from information received from the Iowa Crop and 
Livestock Reporting Service. 
Table 10. Average yield per acre for each crop opportunity, by township, 
1917-1952* 
Township Corn^ Oats Soybeans Flax Wheat Red clover-timothy Alfalfa -brome^ 
Washington 31 26 15 1.0 1.8 
Harrison B 49 33 14 1.5 2.3 
Troy 38 31 17 1.0 1.8 
Grand Meadow 61 43 15 1.9 2.5 
Saratoga 37 31 11 1.3 1.9 
Harrison K 50 37 15 12 1.5 2.0 
Cedar 46 31 19 18 1.3 2.2 
Oakland 45 28 16 1.5 2.1 
Logan 40 39 14 13 1.7 2.4 
Jordan 40 23 15 17 1.0 2.0 
Lincoln M 47 27 15 17 1.4 2.0 
Lincoln P 62 40 21 20 1.5 2.3 
Sheridan 67 45 23 24 1.8 2.8 
Reading 42 35 18 9 1.8 2.5 
^Compiled from data received from the Iowa Crop and Livestock Reporting Service. 
^Open pollinated corn yields were collected to hybrid basis. 
Soybean yields were available for the 1932-1952 period only. 
'^Compiled from United States census of agriculture 1944 and 1949. Average yields are based 
on counties rather than townships. 
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Table 11. Re source-price situations for each 
location 
Prices Labor available Capital available 
1948-1952 Operator's time $1893.51 
1948-1952 Operator's time $2840.27 
1948-1952 Operator's time Unlimited 
1948-1952 Operator plus family 52840. 27 
1948-1952 Operator plus family Unlimited 
1948-1952 Unlimited Unlimited 
1941-1944 Operator's time $1893.51 
1941-1944 Operator's time $2840 . 27 
1941-1944 Operator's time Unlimited 
1941-1944 Operator plus family $2840.27 
1941-1944 Operator plus family Unlimited 
1941-1944 Unlimited Unlimited 
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years as the independent variable and yield in bushels as the dependent 
variable. ^ Simple regression coefficients were computed for the town­
ship yields of the other crops for the same periodi except in the case 
of soybeans for which yield data were available from 1932 to 1952 oidy. 
The "f* test was used to test the regression coefficients. In each case 
the trend was not significantly different from zero at the 5 per cent 
level of probability. The average yield for each crop is shown in 
Table 10. 
Thus, a total of 12 situations are considered for each of the 14 
locations. In total 168 optimum plans were computed. The different 
quantities of labor and capital which are considered allow the effect 
of different resource levels to be shown, for both a particular farm 
with a given set of crop opportxmities and between areas where crop 
opportunities differ. The effect of changes in price ratios is shown. 
The 12 resource-price situations which are considered for each area 
are shown in Table 11. 
Jensen, Harold R., Economics of crop rotations. Unpublished 
Ph.D. thesis. Ames. Iowa, Iowa State College Library. 1950. 
p. 224. 
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V. LOGIC AND TECHNIQUE OF LINEAR PROGRAMMING 
A. Logic 
It was indicated that constant coefficients of production are assumed 
in linear programming. If some •'bundle" of resources is required 
to produce one unit of a crop, then an identical "bundle" is required to 
produce a second unit. In fact, linear programming obtains its 
name from the assumption that production coefficients are constant, 
or that the input-output curve or production function is linear. Two 
productive events woxild be considered instances of the same process 
or activity if an identical "bundle" of resources is used in each to 
produce the same quantity of identical products. Where resources 
are combined in different proportions to produce the same crop, the 
productive processes are said to be instances of different activities. 
The production of corn under different levels of fertilization would 
exemplify different combinations of resources and would be consider­
ed different activities. In this analysis only one activity or proportion 
of resources per unit of crop is considered. Hence the expressions 
"crop-enterprise" and "activity" are used interchangeably. 
A portion of the supply of resources which are available in greater 
than necessary quantities is allowed to go unused. In the traditional 
marginal analysis it is assumed that one factor can be substituted 
for another within a certain range. For instance, abundant July labor 
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could be used in lieu of scarce capital, with increasing difficulty how­
ever, as more of the former factor is substituted for the latter. A 
production function which describes output as increasing amounts of 
labor are added to a fixed amount of land is, in fact, describing all 
the processes in which these two factors can be combined to produce 
a given commodity. In this auialysis the possibility of varying re­
source proportions is not recognised, hi linear programming 
analysis it is considered that some quantity of resources will remain 
unused if the resources are available in different proportions than 
they are required. 
To the assumption of constant coefficients of production the follow­
ing postulates may be added: 
(1) The productive opportunities of a farm are defined by the re­
sources available and the crops which can be grown. Both resource 
quantities and the number of productive activities are limited. 
(2) Any activity (crop-enterprise) may be carried on at any posi­
tive level or sero. That is, a negative quantity of a crop cannot be 
grown. The use of resources and output of product is proportional 
to the activity level. 
(3) Several activities may be carried on simultaneously: that is, 
the optimum plan may include a combination of enterprises. The con­
sumption of resources is the sum of the quantities necessary for the 
separate activities. Total output is the sxim of the production from 
the several crop enterprises. 
The basic concepts of linear programming which have been intro­
duced in this section may be clarified by a geometric presentation. For 
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example, a farmer in Washington township may choose between various 
combinations of three competitive crops, corn, oats and soybeans. He 
may decide to grow any one. some combination of two of them or some 
combination of all three. Each crop requires resource inputs in dif­
ferent proportions; . 02416 hours of July labor and $. 62874 capital 
e:q}ense are required per bushels of corn, while .07211 hours of 
July labor and $. 56652 capital expense are required per bushel of 
oats in this area. The production of a bushel of soybeans requires 
. 04440 hours of July labor and jl. 19873 capital expense. These rela­
tionships are illustrated in Figure 3. Only two resources, Jvily labor 
and capital, are considered. Other resources are necessary in the 
production of these crops but only two resources can be shown in a 
two dimensional drawing. An identical combixuition of resources is 
required for the second and third bushel as was required for the first 
bushel. This, again, is the constant coefficient concept which means 
that each unit of output results from an identical combination of re­
sources. 
Since the production function for each crop is linear, a constant 
quantity of one crop must be given up to gain one unit of another. That 
is, the marginal rate of substitution of one crop for another, as speci­
fied by a resource used in both, is a constant. The production possibil­
ity curve for each pair of crops consists of one or more linear seg­
ments. Each segment is part of an iso-resource curve for a resovirce 
used in both crops. A constant marginal rate of substitution is speci­
fied by each iso-resource curve. For example, if one more bushel 
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Fig. 3. Proportions of July labor and capital required in productimi 
of oats, com and soybeans in Washington Townsh^ 
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of oats was grown in Washington Township the Jtily labor requirement 
for this expansion would necessitate the giving up of . 07211/. 02446 « 
2. 98 bushels of corn, or . 07211/. 04440 » 1. 62 bushels of soybeans. * 
Likewise, if another bushel of oats were grown, another 2.98 bushels 
of corn or another 1. 62 bushels of soybeans would have to be given 
up from the existing program. The production possibility curve for 
a pair of crops is one or more iso-resource curves. Each iso-
resource curve indicates the extent to which the particular resource 
limits production of either crop, and the marginal rate at which one 
crop substitutes for the other. 
In Figure 4, iso-resource curves are shown for July labor and 
capital in the production of oats and corn. An iso-resource curve 
for capital in the production of soybeans and corn is shown in Figure 5. 
Other iso-resource curves could have been included for other re­
sources used in producing each pair of crops. However, the two 
shown, July labor and capital in Figure 4 and capital only in Figure 5 
are the most restrictive to production. The extent of the restriction 
imposed on each crop by the resources considered is shown in 
Table 12. In fact, Jvily labor need not have been included in Figure 4 
since capital is the most limiting resource to each activity or crop 
in this instance. That is, enough July labor is available to produce 
2, 216. 5 bushels of com but the available capital will not allow 
The substitution rates are obtained by dividing the July labor 
requirements of oats by the July labor requirement of corn and soy­
beans respectively. 
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production to be extended beyond 445. 8 buahels. Capital shortage 
limits the production of oats to a maximum 494. 7 bushels while Jxily 
labor is sufficient to allow the production of 742. 6 bushels. Soybean 
production is limited to 233. 8 bushels by the available capital while 
July labor is adequate for 1, 206. 0 bushels production. 
Table 12. Bushels of specified crops which can be 
grown with the resources available, 
Washington Township 
Resource Corn Oats Soybeans 
Capital 445.8 494. 7 233.8 
July labor 2216.5 742.6 1206.0 
With the limitations on production imposed by the resource supply 
e3q>ressed in the production possibility curve. Figures 4 and 5 are 
used to indicate the most profitable combination of crops. Iso-
revenue curves are shown in broken lines in each figure. Each curve 
indicates a series of combinations, of the two crops considered in 
each figure, which provides the same revenue. Since the prices are 
assumed to remain constant regardless of the quantity of the crops 
produced, iso-revenue curves may be drawn parallel to each other 
for any pair of crops being considered, each curve indicating a differ­
ent level of revenue. The farther the curve is from the origin the 
larger is the quantity of each crop involved and, consequently, revenue 
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is higher. It is seen in Figures 4 and 5 that the production of corn 
alone permits a higher iso-revenue curve to be reached (maximum 
revenue) than any combination of corn and oats or corn and soybeans. 
The same type of analysis is considered for Logan Township. 
Four activities or crops are considered: corn, oats, soybeans and 
flax. The resovirces which may be limitational are March. July 
and October labor and capital. Flax and oats are compared in 
Figure 6. It is observed that July labor is the most limiting re­
source to both activities. The limitation imposed by each resource 
on the production of each crop is summarized in Table 13. The 
highest iso-revenue curve which can be attained in a flax-oats com­
parison indicates that all flax and no oats should be produced. Corn 
and soybeans are compared in Figure 7 and it is seen that growing 
all corn maximized revenue. October labor is the most restricting 
Table 13. Bushels of specified crop which may be 
grown with &e resources available, 
Logan Township 
Resource Com Oats Soybeans Flax 
Capital 2787.2 3502. 8 1072.9 1089.2 
March labor - 2467. 0 882.0 
July labor 5460.5 2126.0 2148.8 708. 7 
October labor 5646.3 • 912.4 • 
resource in soybean production while capital limited corn most severely. 
It has been discovered in the above analysis that flax is more profit­
able than oatsb and corn more profitable than soybeans in Logan Town­
ship under the conditions assumed. The profitability of flax relative 
to corn is considered in Figure 8. It is indicated in this figure and in 
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Table 13 that the available capital will permit 2, 787. 2 bushels of corn 
or 1, 089. 2 bushels of flax to be grown. The available July labor is 
less restrictive to corn. 5,460.5 bushels csui be grown, but more 
restrictive to flax, only 708. 7 bushels can be grown. These two 
resources are the most limitational and specify the production 
maximum as 708. 7 bushels of flax or 2, 787. 2 bushels of corn or 
some combination of the two. The production possibility curve is 
not a single iso-resource curve as in Figures 4, 5,6 and 7, but con­
sists of the upper part of the July labor iso-resource curve and the 
lower part of the iso-resource curve for capital. 
Iso-revenue curves are included in Figure 8. The highest one which 
can be reached by the production possibility curve specifies the revenue 
maximising crop combination. The production of 1, 460 bushels of 
corn and 520 bushels of flax is the optimum plan. 
la each case illustrated (Figures 4, 5,6, 7 and 8) the objective was 
the same, maximizing revenue (reaching the highest possible iso-
revenue curve) with a given set of resources. Resources are combined 
(consistent with crop opportunities) in such a way that the crops pro­
duced allow the highest iso-revenue curve to be reached. 
38 
B. Technique 
An algebraic presentation of the technique of linear programming 
can be outlined as follows:^ 
P., which refers to a crop enterprise or activity, is a coliimn vector 
J 
in which a^j** denotes the amount of the i^ scarce resource used in the 
activity. 
Pj = (ajj a2j ... a^ ) (1) 
J ® 1, 2, .. • Ic . 
There are k activities and n scarce resources. 
The column vectors may be arranged in matrix form: 
A  =  ( P J  P G  . . .  P J ^  ) .  ( 2 )  
there being n rows and k columns. 
The vector, 
X = (XI XG ... XJ^), (3) 
expresses the activity intensities (the amount of each crop produced) 
since Xj denotes the level at which the activity is carried on. 
The quantity of each resource available is expressed by S^. Con-
simiption or use of each resource for all crop enterprises must not 
1 - • • • Dorfman, Robert. Application of linear programming to the 
theory of the term. Berkeley, University of California Press. 1951. 
pp. 24-27. 
The coefficient, a^ is the qiuuitity of the particular resource used 
to produce one bushel ox the crop being considered. These coefficients 
are readily computed from Tables 7, 8 and 10. The reciprocal of the 
yield is the land requirement per bushel. The capital service require­
ment per acre divided by the yield per acre is the capital service 
requirement per bushel. The several labor requirements per bushel 
can be found in the same way. 
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exceed the available quantity o£ each. Hence, 
a U *1 ®12 *2 + • • • + *1^ - Si» (4) 
< 
*^21 *1 ^22 *2 ^ *2k *k * ®2' 
^•nl *1 ^n2 *2 • ' ' •*" *nk ~ ®n * 
S s (Sj . . . S^) . (5) 
The ineqtiality may be expressed in matrix notation as follows: 
A X « S. (6) 
The return from a production program (i. e.. the value of the 
crops produced) is a fxmction of the input of resources and the output 
of products. Since inputs and outputs may be expressed in terms 
of the process intensities, the value of a crop production program 
or plan becomes a function of the activity levels, (i. e., a function 
of the amount of each crop produced). ^ The problem becomes that 
of finding the production level for which the value is greatest subject 
to the limitations that no activity can be carried on at a negative 
level, 
X » 0 , (7) 
and the resource supply cannot be exceeded (6). 
As shown by Dantzig the empirical solution is less diffictdt if the 
relationships can be expressed as equalities rather than inequalities. ^ 
^Ibid. p. 20. 
^Ibid. p. 25. 
The bracketed ntmibers which appear in the text refer to the 
equations in this section. 
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This is accomplished by use of disposal activities. A disposal acti­
vity can be considered as another enterprise. But it is an ''enterprise*' 
denoting non-use of the resource; i.e., it means letting some amount 
of a particular resource "go idle". Thus, in instances where less 
than the total quantity of a resource is req\iired for all of the crops 
produced the remainder is allowed to go to waste through a disposal 
activity. Consequently, one disposal activity is included for each 
scarce resource. These disposal activities may be represented by 
the variables *15+2 ''' *k+n' inequalities (4) may be written 
as equalities now. 
^11 *1 *12 *2 *lk *k "*• ^*k+l °*k+2 + • • • + °*k+n " ®1. 
*21 *1 *22 *2 *2k *k °^+l ^*k+2 +• • • + 0*k+n " ®2. 
*nl *1 *n2 *2 *nk *k °*k+l •*" °*k+2 + • • • + ^*k+n * 
Ihe nimiber of activities is increased to k-l-n, the additional n being 
disposal activities. The original matrix. A, which had k columns has 
been expanded to the matrix B, which has k-l-n columns and may be 
e3q>ressed: 
B = « (A I), (9) 
where 1 is the identity matrix of n rows and columns. 
The matrix B may be expressed in the following manner: 
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^11 ^ 11c ^ ^ • • • 0 
^21 ^22 •' • ®^2k ® ^ • • • ® 
^nl »n2 • • • ^nk ° ° • • • ^ 
(10) 
(11) » (A I). 
The resource restrictions become: 
X * 0 . (12) 
BX « S. (13) 
Actual data from Logan Township can be used to illustrate the 
above statements and the method. In this case corn (P^ is the first 
activity or enterprise, oats (P2) is the second* soybeans (P^) is the 
third and flax (P^) is the fourth or activity (enterprise). Four 
resources are possibly limitational; they are capital, and labor in 
March, July and October. Labor during the other months is not con­
sidered limitational since the quantity available, relative to the require­
ments in crop production, is considerably greater than for the months 
considered. The iso-resource curve for each of the months not in­
cluded would lie well above the iso-resource curves for other factors 
used in producing the crops under consideration. October labor is the 
th 
n scarce resource. 
A matrix similar to (A) mentioned above is set up: 
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Pj(corn) 
Capital (ST) .51200 
March labor (hrs.) 0 
July labor (hrs.) . 01872 
P2(oats) 
.40740 
.00910 
.04808 
October labor 
(hrs.) .02590 
P2(soybean8) 
1.33003 
0 
.04757 
. 16029 
P^(flax) 
1.31012 
. 02731 
. 14424 (14) 
The "n*' rows specify the resources which may be limitational 
and the "k** colimins represent the activities (crop enterprises) which 
may be included in the production plan. The resources, capital, 
March labor, July labor and October labor are written at the left 
of the matrix and identify the rows. The activities P|^(corn), 
P2(oats), P2(soybeans), and P^(£lax), are written across the top of 
the matrix. The figxires in the matrix are the input-output coefficients 
mentioned previously and correspond to the (!)• The matrix (15) 
is formed by adding to the matrix (14) a column, Pq (which corres­
ponds to S in equations (5) above) specifying the quantity of each scarce 
resource available for competitive crop production in Logan Township. 
The rows in the matrix (15) are in the same order as in (14); capital 
is the top row and October labor is the bottom row. 
*^0 
1427.03 
22. 45 
102. 22 
146. 24 
^1 
.51200 
0 
.01872 
.02590 
^^2 
.40740 
.00910 
.04808 
0 
^3 
1.33003 
0 
.04757 
.16029 
^4 
1.31012 
.02731 
.14424 
(15) 
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The matrix may be related to the geometric and algebraic pre­
sentation of the preceding sections. An eqxiation can be written 
which describes each of the iso-resource curves in Figure 8. The 
iso-resource curve for capital is described by the equation which 
follows: 
(.51200)xj + (1.31012)x4 a 1427.03. (16) 
This equation specifies the capital requirement per bushel of corn 
produced, $.51'!', multiplied by the number of bushels, x^, plus the 
capital requirement per bushel of flax produced, $1. 31, multiplied 
by the number of bushels, x^, equals $1427.03, the total capital 
available for ann\i«l expenses. Eqxiations may be written for the 
other iso-resource curves as follows: 
March labor (O)x^-I- (. 02731)x^ « 22.45 . (17) 
July labor (. '>1872) Xj + (. 14424) x^ « 102. 22 . (18) 
October labor (.02590) x^ -l- (O)x^ * 146. 24 . (19) 
The similarity between the matrix (15) and the four equations (16 
through 19) may be noted. If the four equations were grouped together 
the right hand terms would be identical with column Pq(15). Similar­
ly, the input coefficients used in corn production form the elements 
of the coliunn a^j for activity (corn production). The columns 
P2 (oats production) and P2(8oybean production) have been excluded 
or placed at sero level. The analysis in Figures 6 and 7 indicated 
that oats and soybeans were less profitable than flax and corn. There-
IQC 
This is the capital input coefficient and has been rounded for 
convenience. Other input coefficients considered in the discussion 
will also be roimded for convenience in presentation. 
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fore, to facilitate presentation in Figure 8 only the latter two crop 
enterprises were considered. The figures associated with the variable 
x^, in the set of equations (16 to 19) comprise the coefficients of the 
different resources used in flax production (P^). 
To fulfill the condition imposed by each equation simultaneously 
would require that all of each resource be used entirely. This, of 
course, is not necessary. Such a condition would be expressed in 
Figure 8 by a point at which all four iso-resource curves intersect. 
The use of any resource must not exceed the supply but it may be 
less. Therefore, the relationships must be expressed as inequali­
ties as in (4). * 
(.51200)xj -I- (.40740)x2 + (1.33003)x3 •¥ (1.31012)x^ « 1427.03 . 
Oxj + (.00910)x2 + 0x3 + (.02731)x^ »22.45 . (20) 
(. 01872)Xj  + (. 04808)x2 + (. 04757)x3 + (. 14424)x^ « 102. 22 . 
(. 02590)Xj  + 0x2 + (. 16029)X3 + OX^ * 146. 24 . 
In instances where the consumption is less than the supply, some 
portion of the resource is vmused. The unused portion will go into 
disposal or waste as was indicated in (8). One variable must be added 
for each disposal activity, Xg represents the \mused capital, x^, x^^, 
and Xg the imused labor in March, July and October, respectively. The 
four disposal activities expressed in rows and columns correspond to 
the I matrix which was referred to above. 
The relationships may now be expressed as equations. 
JU 
It was discovered in the geometric solution that oats, x,. and soy­
beans, X3, would not occur in the optimum plan. However, uese oppor­
tunities must be included in the original matrix (table) which was con­
sidered for a linear programming solution. 
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(.51200)Xj  + (.40740)x2 + (1.33003)x3 + (1.31012)x^ + *5 « 1427.03. 
Oxj + (. 00910)x2 + 0x3 + (. 02731)X4 + * 22. 45. (21) 
(. 01872)Xj  + (. 04808)x2 + ( .  04757)x3 + (. 14424)x^ ^ *7 " 22. 
(. 02590)X2 + 0x2 + (. 16029)X3 + Ox^ + Xg = 146. 24. 
The completed matrix corresponding to B is as follows: 
Pq P5 ^6 ^7 ^8 Pi ^2 P3 P4 
1427.03 1 .51200 .40740 1.33003 1.31012 
22.45 1 0 .00910 0 .02731 (22) 
102.22 1 .01872 .04808 .04757 .14424 
146.24 1 .02590 0 .16029 0 
The price per bushel for each crop enterprise is listed in Table 9; 
corn is ^1* 43, oats $ .  7 6 ,  soybeans $ Z .  54 and flax is $3. 97 per bushel. 
With prices given, the problem is finding the activity levels, x^, x^, 
X3 and x^ (which are the ntunbers of bushels of corn, oats, soybeans 
and flax, respectively) which maximize the revenue function (1.43)xj -t-
(. 76)x2 -i- (2. 54)x3 -I- (3. 97)x^ (the price per bushel multiplied by the 
quantities of each crop). 
The simplex method^ was used to obtain the following optimum 
solution: 
Xj * 1457.96 Xg s 0 
X2 « 0 x^ « 8. 26 
X3 « 0 x^ B 0 
x ^ «  5 1 9 . 4 7  X g «  1 0 8 . 4 7 .  
Charnes, A., Cooper, W. W., and Henderson, A. An introduction 
to linear programming. New York. John Wiley and Sons, Inc. 1952. p. 6. 
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It is observed that the restilts are the same as those obtained in 
the geometric solution. Figures 6, 7 and 8. The answers are more 
precise, however, in the algebraic solution. In both solutions, capital, 
Xg, and July labor, Xj, are found to be limitational. The production 
possibility curve in Figure 8 indicates that corn and flax production 
are extended as far as the capital and July labor resources permit, 
while in the algebraic solution Xg s 0 and x^ & 0 indicates that neither 
capital nor July labor was allowed to go to waste. In both solutions 
it may be observed that something less than the available March and 
October labor are used. 
Table 14 was set up from the matrix of coefficients (22) computed 
for crop production in Logan Township. Plan 1 of Table 14 is essen­
tially the same as the starting matrix. However, several rows and 
colunms were added. The top row specified as c. lists the prices 
J 
which may be obtained for each unit of activity (bushel of grain). 
Prices, c^, are also specified in the first colimin. The latter are 
the prices obtained for each imit of the activities included in the pro­
duction plan. The first plan, however, consists of the activities P^, 
Pg, P^ and Pg which are the disposal or non-use of capital and labor 
in March, July and October. The return from disposal is zero by as-
sxmiption; therefore, seros appear in the c^ column. The Pq column speci­
fies the level or intensity (in the case of crop enterprises it is the number 
of bushels produced) of the activity in that row. Thus, in Plan I't' it 
Plan 1 specifies the first production program. Plan 2 the second 
program and so forth. 
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Table 14. A linear programming solution by the simplex method fi 
four limitational resources in Logan Township ( 
T743 
Corn 
e 
Vector 
Cap. Pg 
Mar. Pc 
July 
Oct. 8 
o 
1427.03 
22. 45 
102. 22 
146. 24 
-1.43 
P5 498.57418 1 0 -9.08292 0 .34197 
^6 3.09595 0 1 - .18934 0 -.00354 
3.97 P4 708.67998 0 0 6.9 3 289 0 .12978 
Pa 146.24000 0 0 0 1 .02590 
'j-^j 
2813.45952 0 0 27.52357 0 .51523 
2813.45952 0 0 27. 52357 0 -.91477 
2. 54 P3 555. 23602 1.11365 0 -10.11517 0 .38083 
P6 8.09863 .01003 1 - . 28048 0 -.00011 
3.97 P4 525.56314 - .36728 0 10. 26887 0 -.00418 
Pg 57.24122 - .17851 0 1.62136 1 -.03514 
: .. 
'j-"j 
3496.78516 1.37057 0 15.07488 0 .98390 
3496.78516 1.37057 0 15.07488 0 -.44610 
N 
% 
fO 
I 
Pi 1457.96 292 2.92427 0 -26.56085 0 1 
P6 8.25901 .01035 1 - . 28340 0 0 
P4 519.46885 - .37950 0 10.37989 0 0 
P8 108.47404 - .07575 0 .68801 1 0 
4147.17831 2.67509 0 3.22615 0 1.43 
4147.17831 2.67509 0 3.22615 0 0 
1.43 
3.97 
ft 'j 

ning solution by the simplex method ior four activities with 
itional resources in Logan Township (Situation 1) 
1.43 
Corn 
.76 
Oats 
2. 54 
Soybeans 
3.97 
Flax 
P7 ^8 ^1 ^2 P4 R 
.51200 .40740 1.33003 1.31012 1089.2 
0 .00910 0 .02731 822. 0 
1 .01872 .04808 .04757 .14424 708.7 
1 .02590 0 .16029 0 
-1.43 -.76 -2. 54 -3.97 
-9.08292 0 .34197 -.02930 .89795 0 555. 2 
- .18934 0 -.00354 0 -.00901 0 
6.93289 0 .12978 .33333 .32980 1 2148.8 
0 1 .02590 0 .16029 0 912.3 
27. 52357 0 .51523 1.32332 1.30931 3.97 
27. 52357 0 -.91477 .56332 -1.23069 0 
-10.11517 0 .38083 -.03263 1 0 1458.0 
- . 28048 0 -.00011 -.00029 0 0 
10.26887 0 -.00418 .34409 0 1 125732.8 
1.62136 1 -.03514 .00523 0 0 
15.07488 0 .98390 1.28316 2. 54 3.97 
15.07488 0 -.44610 .52316 0 0 
-26. 56085 0 1 -.08568 2.62584 0 
- .28340 0 0 -.00030 .00029 0 
10. 37989 0 0 .344445 - .01098 1 
.68801 1 0 .00222 .09227 0 
3. 22615 0 1.43 1.24494 3.71136 3.97 
3. 22615 0 0 .48494 1.17136 0 
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may be seen that the level of disposal (non-use) is the complete stock 
of each resource. Zero profits are expected, therefore, from the 
production program specified in Plan 1. 
Two rows appear at the bottom of Plan 1, Table 14. The Sj row 
(Sj B Zx^jC|, j s 1, 2... 8 ) specifies costs in an opportunity sense. 
The quantities in this row indicate the amount of revenue which would 
have to be sacrificed from the present program to permit the inclus­
ion of one unit (bushel) of the crop in the program. In Plan 1, 
the Zj values are all zero which means that the addition of one bushel 
of either corn, oats, soybeans or flax involves no loss of revenue due 
to the giving up of some other crop enterprise. The explanation of 
this row is expanded in the discussion of Plan 2. 
Each qiiantity in the Zj - Cj row is the marginal revenue of the 
activity or crop enterprise. That is the addition to total revenue result­
ing from the production of one additional bushel of the particular crop. 
It is noted in the corn enterprise (P^^) of Plan 1 that the marginal 
revenue is ^1.43 per bushel. Since the z^ value is zero, it is realized 
that increasing the production of corn by one bushel does not involve 
giving up the production of any other crop nor, consequently, the 
revenue therefrom. Thus, the full price of the bushel of corn, ^1.43, 
is added to total revenue. The reason why the quantities in the Zj - Cj 
row appear as negative values is considered below. 
The total revenue from any production plan or program is the 
price per unit (bushel, in this example) multiplied by the nvimber of 
units produced. The quantity of each crqp produced is referred to as 
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the intensity or level of the crop enterprise. Since the level of each 
crop enterprise (activity) in a production plan is given in column 
and the price per unit of each activity is given in the c^ column the 
total revenue may be found by summing the products of prices and 
quantities produced. The total revenue for the production program 
specified in Plan 1 is the following: 
(0 X 1427. 03) + (0 X 22. 45) -(-(Ox 102. 22) + {0 x  146. 24) > 0. 
which is shown in the Pq coliimn, row *j(aiQ)* 
The production plan in which nothing is produced may be considered 
a feasible')' starting point in the process of deciding the optimum alloca­
tion of resources. However, since the objective is the maximization 
of total revenue, a new plan is introduced in which some production is 
carried on and consequently some revenue is made. The crop enter­
prise with the greatest marginal revenue, that is, the crop which adds 
the most to total revenue per unit is included in the plan to the extent 
that the available resources permit. It is seen in the Zj - Cj row of 
Plan 1, Table 14, that flax has the largest marginal revenue in absol­
ute terms. Therefore, the production of flax is increased as much 
as possible in the new plan. How much can it be increased from the 
present zero level? Since iSl. 31 capital expense is required per 
bushel, the available capital, $1427. 03, permits the production of 
1089. 24 bushels (column R). The March labor ooefficient is . 027, 
The program is feasible in the sense that the use of resources 
does not exceed the supply. 
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consequently, the available March labor restricts flax production to 
822. 04 bushels. However. July labor is most limiting, being suffi­
cient for the production of only 708. 68 bushels. The decision to 
produce 708. 68 bushels of flax exhausts the supply of July labor. 
The activity (P^) denoting the disposal or non-use of this resource 
(July labor) may be removed from the production plan and the crop 
enterprise, flax (P^) used to replace it. The production of flax has 
now been made an "active" crop enterprise and is included in Plan 2. 
All other activities are expressed in terms of it. 
Flax production (P^) appears in Plan 2 in the row previously 
occupied by P^, the disposal or non-use of July labor. The level 
of the P^ enterprise, (production of 708. 68 bushels of flax) appears 
in the Pq column. It has been indicated that this nvimber (708. 68) 
was obtained by dividing the available July labor (102. 22 hovirs) by 
the requirement per bushel of flax (P^) produced. All other quantities 
in the P.^ row are divided by the same number (. 14424) to obtain the 
figures in the P^ row. Returning briefly to Plan 1 the figures in the 
colunms P^, P2> P3 ^nd P^ of the row specify the requirement 
of July labor for the production of each bushel of corn, oats, soybeans 
and flax, respectively. When these quantities are divided by the July 
labor requirement per bushel of flax, the resulting numbers specify the 
quantity of flax which has to be given up to allow one bushel of corn, 
oats, soybeans or flax to be produced. This is the meaning of the 
nvmibers which appear in row P^ under Pj (. 12978), (• 33333), 
51 
(. 32980) and (1). The figures are marginal rates of substi­
tution'!' of corn, oats and soybeans, respectively, for flax as specified 
by the requirements of each for July labor. The last figure. P^. is 
obvious, one bushel of flax has to be given up to permit the produc­
tion of another bushel of flax when the most limiting resource in 
the flax production is being used to capacity. The meaning of the 
figures under the other colimm headings, Pg through Pg. in row P^ 
may be explained in the same way. For example, the quantity 6. 93 
in colvimn P^ indicates the qviantity of flax which would have to be 
given up if one hour of July labor were put in disposal (not used). 
Row P^, flax production, is now in the program. It has been 
decided to use all of the July labor available in this crop enterprise. 
Other resources have to be used in the proportions indicated by the 
production coefficients. Plan 2, Table 14. specifies the new produc­
tion program. It includes the production of flax and the disposal 
(non-use) of capital and labor in March and October.. 
The numbers appearing in the rows and columns of the Plan 2 
section are completely changed from those in Plan 1. Two formulae 
have been used to complete this transformation. 
* Sj/*rk • 
"'ij = "ij - '^rj'Sk'-'ik • 
1._ I 
The marginal rate of substitution of corn for flax is the quantity 
of flax which has to be given up to allow the production of one bushel 
of corn ( ^F/ ^C). 
(23) 
(24) 
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The subscript k identifies the crop enterprise (flax) coming into the 
production plan, r is the activity (disposal of Jvily labor) being removed, 
j stands for any one of the coliunn headings and i stands for the number 
of the row heading. The prime indicates that the number to which it is 
attached belongs to the new section being formed or the new program. 
Equation (23) expresses the qxiantities which are discussed in the 
new row of Plan 2. The other numbers appearing in Plan 2 were 
found by using Eqviation (24). As an example, the quantity in the 
column Pq row P^ of Plan 2 is considered. 
The meaning of the nvunber thus obtained is important. The qxiantity 
498. 57 is the amount of capital which is unused in the second produc­
tion plan. It is the original qxiantity, $1427.03, less the amoimt 
required to produce 708. 68 bushels of flax. The numbers in colvimn 
Pq, rows P^ and Pg in Plan 2 are the quantities of March and July labor 
respectively which remain unused in the second production plan. 
How can the optimum plan be identified ? The rows Bj and Zj - Cj 
contain the answer to this question. The quantities in the Zj row 
(j s 1, 2,.... 8) are opportunity costs. That is, in the P^ column the 
figure . 52 is the value of the flax which has to be given up from the 
production plan if one more bushel of corn is grown. * However, the 
It was indicated that . 12978 bushels is the quantity of flax which 
has to be given up if one bushel of corn is added to the production plan. 
Since the price of flax is $3.97 per bushel the opportunity cost is 
$3.97 X . 12978 = $.51523. 
a^.(102. 22) 
(498.57) = .jj(1427. 03) - L 1 4 4 ; 4 ) K i k < ' - '  
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the revenue from one bushel of corn is $1. 43. Therefore, the mar­
ginal revenue of one bushel of corn is the cost minus the price. 
Where the price is greater than the cost the marginal revenue will 
be e3q)re88ed as a negative number. The meaning is the same as 
the usual concept of marginal revenue; the addition to total revenue 
f  
in absolute terms, resulting from a one unit change in production. 
If one bushel of corn, worth $1. 43, is added to the production plan, 
^,52 worth of flax must be given up. The increase in total revenue 
will be $.91. The opportimity cost of growing an additional bushel 
of oats, on the other liand, is $1. 32, while the value of a bushel of 
oats is only $. 76. The value of the flax given up to permit the 
production of one bushel of oats exceeds the value of the oats by $. 56. 
Only $1. 31 worth of flax must be given up to allow one bushel of 
soybeans to be produced. Since the bushel of soybeans is worth 
$Z. 54 the marginal revenue of this crop enterprise, as given by 
ss^ - c^, is $1. 23. 
It can be seen that the optimum plan has not been reached until 
it is no longer possible to add to total revenue by substituting one 
crop for another. That is, until no negative qiiantities remain in the 
Zj - Cj row. The optimum plan is reached by successive approxima­
tions. If a plan is fotmd to be non-optimum (negative z. - Cj values 
appear) a new plan is made. The crop enterprise which had the 
'  I I  J *  I I  
The xxiarginal revenue of a unit of product is usually thought of 
as price minus cost. The custom has been developed in this technique 
of expressing marginal revenue as a negative quantity resulting from 
calculating cost minus price. 
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largest marginal revenue in the previous plan is increased as far as 
resources permit. Plan 2, Table 14, does not specify an optimxun 
plan since the addition of either soybeans (P^) or corn (P^) wotild 
increase total revenue. Soybeans have the larger marginal revenue 
and will be included in the next program as specified in Plan 3. To 
what extent can soybeans be produced? The resources which are not 
being used appear in the Pq column of Plan 2. In this plan ^498. 57 
capital. 3. 096 hours of March labor, zero July labor and 146. 24 hours 
of October labor go to disposal (non>use). But July labor is required 
in the production of soybeans as well as flax, therefore, the produc­
tion of flax must be reduced before any soybeans can be included in 
the new program. 
To determine the extent to which soybeans may be added to the 
program, each nimiber in column P^ of Plan 2 is divided into the 
corresponding number in the Pg coltunn. The results, which are 
the restrictions imposed by each resource on production of soybeans 
appear in column R. The meaning of each number in the Pq column 
(Plan 2) is clear but those in the P^ column will bear fiirther con­
sideration. Consider the first one. .89795. It concerns the limita­
tion imposed by available capital on the introduction of soybeans into 
a new production plan. According to eqtiation (24) the number. 
. 89795, results from the following calculation: 
1.33003 - (; 14424) 1.31012 « .89795 
or, 
1.33003 - (.32980) 1.31012 * 0.89795. (25) 
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The first number in Equation (25) is the capital expense per bushel 
of soybeans produced (Table 14). The quantity in brackets is the 
marginal rate of substitution of soybeans for flax as specified by the 
relative requirement of each crop for July labor. The last quanti­
ty in Equation (25) is the capital esqpense required per bushel of 
flax. When the latter two quantities are multiplied the product is 
the amount of capital which is released from flax production as 
each bushel of soybeans is added to the production plan. * This 
quantity is subtracted from the capital requirement per bushel of 
soybeans (1.33003) to give the "net** expenditure out of available 
capital (^98. 57) per bushel of soybeans added to a new program. 
Capital will restrict soybean production to 555. 24 bushels as seen 
in column R. March labor is not required in soybean production 
and therefore imposes no limitation. 
The July labor requirement permits 2148. 82 bushels of soybeans 
to be produced. This requires that all flax production be given up 
since . 32980 is the quantity of flax which is given up as each bushel 
of soybeans is added to the plan. If . 32980 bushels of flax is given 
up, one bushel of soybeans may be added. Or if all flax is given up 
708 68 
* 2148.82 bushels of soybeans can be grown. The quantity 
708. 68/. 32980 may also be written as follows: 
102.22/. 14424 _ 102. 22 _,,^o 
.04tf0a/. 14424 " * 
agi 
The rate of substitution is specified by the relative requirement 
of fl2Lx and soybeans for July labor, . 32980 bushels of flax being 
given up for each bushel of soybeans added to the production program. 
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This shows that the total July labor at the outset, divided by the re­
quirement per bushel of soybeans, will permit the indicated produc­
tion of soybeans. The statement is equivalent to saying that the 
total possible production of flax divided by the rate at which soybeans 
substitute for flax in production will give the maximum quantity of 
soybeans which can be produced with the available quantity of the 
limiting resource (July labor). 
October labor is not used in flax production so the quantity avail­
able in the original resource supply, 146. 24 hours, is available for 
soybean production in a new plan. Since . 16029 hours is required 
per bushel, October labor limits production to 912. 35 bushels. 
The limitations imposed on the production of soybeans in a new 
plan have been considered. It is found that the limitation imposed by 
each resource is at a different level. That is, capital will allow 
555. 24 bushels to be produced. March labor imposes no restriction. 
July labor is sufficient for the production of 2148.82 bushels of soy­
beans. However, this soybean production requires that all flax be 
given up. October labor limits production to 912. 35 bushels of soy­
beans. Each limitation was determined by dividing the quantities in 
the Pq colxmm of Plan 2 by the corresponding number in the P^ column 
of Plan 2. 
A new production program is set up in Plan 3. Both flax and soy­
beans are included. Capital is the most restricting resource in 
soybean production, therefore, P^ replaces Pg, the disposal (non-
use) of capital. Equations (23) and (24) are used to complete the 
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Table 15. Allocation of resources among the four 
activities in Logan Township (Situation 1) 
Corn (Pj)^ Oats (P2) Soybeans (Pj) Flax (P^) Total 
Acres 36.45 0 0 39.96 76.41 
Capital 746. 48 0 0 680.57 1427.04 
March labor 0 0 0 14.19 14. 19 
July labor 27. 29 0 0 74.93 102. 22 
Oct. labor 37.76 0 0 0 37.76 
The resource quantities devoted to each activity are determined 
by multiplying the activity level, specified in the optimtim plan, by 
the requirement per unit of that activity for each resource. Thus the 
capital requirement for corn is (I« 457.96292 bushels of corn specified 
in Table 14) multiplied by the capital requirement per bushel of corn 
(.51200 in Logan Township) equals ^746.48. 
t 
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transformation. 
The optimum program is found in Plan 4 with the production of 
1457. 96 bushels of corn (P^) and 519. 47 bushels of flax. The total 
revenue from this production plan is ^4147.18. No other combina­
tion of crops can be produced with the available resources which 
yields as high a total revenue. 
The allocation of resources among the several crop enterprises 
imder Plan 4 is presented in Table 15. 
59 
VI. PRESENTATION OF RESULTS 
The results of the study are considered under the subheadings, 
Situation 1 to 12. Situations 1 to 6 involved 1948-1952 prices while 
1941-1944 price ratios are considered in Sit\iations 7 to 12. The 
resource quantities differ in each of Situations 1 to 6, but are repeat­
ed in Situations 7 to 12. That is, the same resources are available 
in Situation 7 as in Situation 1 and so forth. Prices and resource 
quantities available in each situation are summarized in Table 11, 
the acreage available for competitive crops in each area is listed 
in Table 3. An optimiim or revenue maximising program was deter­
mined for each situation and for each location included in the study. 
The production plans and the allocation of resources for each 
area, under the several resource situations considered, are shown 
in Tables 16 through 29, excluding Table 21. In most situations 
the optimum plan for Logan Township includes two crops whereas 
the other townships include only one. Consequently, the results 
obtained in Logan Township, for Situations 1 to 6, are considered 
specifically in the discussion. The results obtained for Washington 
Township are used to demonstrate the effect of changes in price ratios. 
A "minimum" hay acreage, including rotated pasture*^, was fixed 
for each township. The possibility for expanding the hay acreage 
)(i 
The pasture referred to in the tables includes only rotated 
pasture. 
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beyond the **minimuxn*' was not included as a crop opportunity. There­
fore, the "miniinuxn'* forage acreage appears in each table. A xnini-
m\un oats acreage was specified as nurse crop for the grass being 
seeded. The oats acreage could exceed this amount if revenue was 
increased more by using the resources for oats than otherwise. That 
is, oats was included as a crop opportunity in each location. The 
analysis indicates that the oats acreage should not be increased be­
yond the minimum in any location. Thus the same acreage required 
as nurse crop appear in each table. 
The acreages of corn, other crops and unused land specified in 
the tables vary with the quantities of resources available for produc­
tion in each situation. Where capital and labor are severely limited, 
the crop acreage tends to be small; where these resources are in 
adequate supply, crop production can be extended to the entire farm 
acreage. The columns in the tables specifying "labor used" in June, 
July and October include the requirements of the crop program 
indicated during these three months. The labor requirements in 
these months, relative to the supply, tends to be more critical than 
in other months. The hours of labor which remained in disposal 
(non-use) are listed as "labor unused" in the tables. The net revenue 
column in each table includes the gross value from grain, hay and 
pasture less all capital e3q>enses involved in their production. * 
The quantities of capital used and unused were not included in 
the tables since capital was a limitational reso\irce (used entirely) 
in most cases. The few exceptions will be referred to specifically. 
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A. 1948-1952 Prices 
1. Sitviation 1 
The availability of labor by months is shown in Table 4. The 
qxiantities of capital and land available for competitive crops are shown 
in Tables 6 and 2, respectively. A profit maximizing solution for 
each township included in the study was found and the results are 
shown in Table 16. The severe limitation imposed by capital in 
Situation 1 is responsible for substantial portions of farm acreage in 
each township being **imused". In general, labor is xmderemployed 
and net revenue is low. 
The unused acreage caused by capital limitation probably repre­
sents a substantial proportion of the land generally classified as 
"plowable pasture". One of the consequences of capital shortage 
is less than optimum use of land from a social point of view. Assum­
ing the price ratio to be an adequate criterion, society in every 
instance preferred corn to pasture production. Capital limitation 
may cause many farmers to adopt a less than optimum production 
plan. For example, they may plant a larger than optimum acreage 
to oats to avoid leaving land unused. That is, they "spread" their 
capital over as much land as possible by growing a crop with a 
relatively low capital requirement per acre. The results of this 
study show, however, that a smaller acreage of corn would be more 
lie 
Pasture was not included as an activity since the revenue from 
an acre of pasture is much less than the revenue from an acre of 
corn. 
"Nef-
ivenu 
586 
3482 
1116 
3271 
1948 
4095 
2697 
3037 
3348 
2629 
2760 
4i86 
4928 
3259 
Table 16. Activity levels, resource use and net revenue by 
township under Situation 1 
Acres seeded to: Acres Labor used LAbor unused 
Township Pasture Hay Corn Oats Other unused June July dct. June J51y- Oct  
Washington - 45.5 14.4 41. 1 0 53.0 109 166 15 92 43 186 
Harrison B 39.8 21.4 44 . 0 24, 5 0 24.3 94 123 46 78 50 120 
Troy - 38.0 25.8 36.5 0 53.7 91 142 27 106 55 162 
Grand Meadow 38.8 29.9 14.8 44.6 0 25.9 87 156 15 36 0 95 
Saratoga 21.3 21.9 39.0 36. 1 0 35. 7 69 124 40 79 24 97 
Harrison K 13. 1 10.5 69.0 13.9 0 47.5 98 107 71 80 71 102 
Cedar 5.4 22.4 50.6 22. 2 0 53.4 92 127 52 109 76 145 
Oakland 28.2 9.8 52.7 24.8 0 38.5 79 112 55 110 80 133 
Logan 10.3 9.8 36.5 11.4 40.0® 46.0 69 154 38 85 0 108 
Jordan 16.8 14.3 57.3 15.9 0 49. 7 115 126 59 86 80 144 
Lincoln M 16.8 19.2 47.8 24.0 0 46. 2 95 123 50 87 60 128 
Lincoln P 17.5 12.9 51.6 17. 3 0 54.7 93 110 53 108 95 147 
Sheridan 15.9 17.6 49.8 17.6 0 53. 1 104 119 52 55 40 100 
Reading 6.1 9.1 71.6 9.8 0 57.4 94 96 74 70 68 84 
^Forty acres of flax are included in the optimum program. 
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profitable. Unused land or plowable pasture probably cotild be rented 
although the return may not be more than the cost of taxes and fencing. 
In any case, either society, or the farmer, or both suffer from a low 
capital supply. 
The resource use pattern in Logan Township is typical of all areas 
in Situation 1. Capital and labor in March, July and October were con­
sidered possibly limitational resources. Corn, oats, soybeans and 
flax were included as crop opporttuiities. The solution presented in 
Tables 14 and 15 indicates that maximum revenue is obtained by plant­
ing 36. 5 acres to corn, 40 acres to flax, no more than the minimum 
II. 4 acres to oats and no soybeans. Forty-six acres available for 
competitive crops are not used. 
2. Situation 2 
The only change in the resource supply in Situation 2 as compared 
to Situation 1 is the use of the second capital level as specified in Table 
6. The land and labor available for competitive crops are shown in 
Tables 2 and 4. The optimum crop production program for each area 
is listed in Table 17. Corn acreage is greater in each location and 
unused land is less than in Situation 1 (Table 16). 
The increased level of capital permits a greater acreage to be 
planted to crops. This results from the proportion of capital to land 
and labor in Situation 2 being nearly eqxial the proportions in which these 
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resources are required as inputs in crop production. * Full use of labor 
is approached or achieved in most areas and net revenue is higher under 
Situation 2 than under Situation 1. 
Attention is focused on Logan Township for a more detailed con­
sideration of resource Situation 2. The increased corn acreage in 
this township is accompanied by a reduction in both the flax and unused 
acreage compared to Situation 1. In fact, land was considered a limita-
tional resource. Thus, the system of equations which specifies the 
limitations imposed by available resources includes land. The equations 
are as folIows:>i"!< 
Land (. 02500)Xj  + (. 02564)x2 + (. 07143)x3 + (. 07692)x4 + Xg * 122. 5 . 
Capital (. 51200)xj + {. 40740)x2 + (1. 33003)x3 + (1. 31010)x^ + *6 * 
2373.8 . 
July 
labor (. 01872)Xj  -I- (. 04808)x2 + (. + (. 14424)x^ + ^ 102. 2 . 
October 
labor (.02590)xj^ + (0)x2 (• I6029)x3 + (O)x^ ^ * 
* 
It has been assumed in the disposal activity technique that imused 
resource quantities go costlessly to waste. In ttie four instances where 
land is a limitational resource some quantity of both labor and capital go 
into disposal (non-use). It would not be realistic to assume that capital 
goes to waste. Although in some cases it may be true that capital which 
is not urgently needed in the production program is used for household 
or family expenditures. It is considered that some part of the available 
capital is made up of bank credit. When not needed, the credit is not 
drawn. 
The quantity of corn, oats, soybeans and flax included in the 
program are expressed by Xj, X2, x^ and x^, respectively. The disposal 
(non-use) of any resource is represented by the additional variable in 
that equation. For example, the disposal of land (acres not used) is 
expressed by Xg or capital not used by x^. 
1793 
4658 
2715 
4953 
2995 
6551 
4758 
4692 
4934 
4273 
4828 
6845 
7997 
5035 
Table 17. Activity levels, resource use and net revenue by-
township under Situation 2 
Acres seeded to; Acres Labor used Labor unused" 
Township Pasture Hay Corn Oats Other unused June July Oct. June July Oct 
Washington - 45.5 63.0 41. 1 0 4.4 153 202 65 48 6 136 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 56 31 95 
Troy - 38.0 72.6 36.5 0 6.9 134 177 75 63 20 114 
Grand Meadow 38.8 29.9 40.7 44.6 0 0 111 175 42 12 0 68 
Saratoga 21.3 21.9 70.7 36. 1 0 4.0 98 147 73 50 0 64 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 36 35 52 
Cedar 5.4 22.4 96.3 22. 2 0 7.7 4 34 161 100 67 42 97 
Oakland 28. 2 9.8 91.2 24.8 0 0 114 140 94 75 52 94 
Logan 10. 3 9.8 105. 7 11.4 12.3* 4.5 133 154 110 21 0 36 
Jordan 16.8 14.3 102.6 15.9 0 4.4 157 160 106 44 46 97 
Lincoln M 16.8 19.2 92.7 24.0 0 1.3 136 157 96 46 25 82 
Lincoln P 17.5 12.9 92.3 17.3 0 14.0 130 140 96 71 65 104 
Sheridan 15.9 17.6 91.8 17.6 0 11. 1 142 151 95 17 8 57 
Reading 6.1 9. 1 117.0 9.8 0 12.0 136 130 121 28 34 37 
^Twelve and three-tenths acres of flax are included in the optimum program. 
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These equations were converted to matrix form and the optimum 
solution obtained by the method demonstrated in Table 14. The solution 
includes the production of 4226. 4 bushels of corn smd 160. 2 bushels of 
flax. The acreages associated with these yields are 105. 7 of corn and 
12. 3 of flax. 
The reason for the increase in corn and reduction in flax acreage, 
relative to Situation 1, is readily apparent in a comparison of Figures 
8 and 9. The iso-resource curves for capital and July labor form the 
production possibility curve in each figure. However, the larger quanti­
ty of available capital in Situation 2 than Situation 1 causes the capital 
iso-resource curve to be farther from the origin in Figure 9 than in 
Figure 8. Thus, as indicated in Figure 9, 708.68 bushels of flax or 
4636. 3 bushels of corn, or various combinations of both, can be pro­
duced in Logan Township vmder Situation 2. It is indicated in Figure 8 
that 708.68 bushels of flax or only 2787. 2 bushels of corn, or various 
combinations of both can be produced under Situation 1. 
A maximum of 708. 68 bushels of flax can be produced in either 
situation. If the maximum flax is produced, the marginal rate of 
substitution of corn for flax is a constant, 0.1298. ** However, 0. 3602 
bushel of flax is required to equal the value of one bushel of corn. 
Figure 8 represents Situation 1 and Figure 9, Situation 2. 
The marginal rate of substitution of corn for flax is the quantity 
of flax which would have to be given up from the production plan for 
each bushel of corn which is added. The rate, 0.1298, is specified 
by the relative requirement per bushel of each crop for July labor. 
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Fig. 9. Optimum combination of corn and flax 
under Situation Z, LiOgan Townsiiip 
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Therefore, revenue can be increased by shifting resources from pro­
duction of flax to corn as long as the marginal rate of substitution 
of com for flax is 0.129B(ab in each figure). The marginal rate of 
substitution becomes a different constant, 0. 3908, if production 
of corn is extended beyond 1458 bushels in Situation 1 (Figure 8) and 
beyond 4226. 4 bushels in Situation 2 (Figure 9) (be in each figure). 
Capital is the most limiting resource if corn production is extended 
beyond these levels. The marginal rate of substitution becomes 
the relative requirement per bushel of each crop for capital. However, 
the price ratio, 0. 3602, does not change. That is, 0. 3602 bushels of 
flax are equal in valiie to one bushel of corn. When capital is the 
limitational resource, 0. 3908 bushels of flax must be given up for 
each bushel of corn added to the production program. 
Therefore, revenue will be decreased by adding more than 1458 
bushels of corn in Situation 1 or more than 4226. 4 bushels in Situation 2. 
Corn shoiild be substituted for flax as long as this condition is true: 
the marginal rate of substitution of corn for flax is less than the quanti­
ty of flax required to equal the value of one bushel of corn, or the 
inverse price ratio of flax for corn. 
3. Situation 3 
Capital is unlimited in Situation 3. * The same quantities of labor 
and land are assumed as in Situations 1 and 2. The acreages available 
Unlimited capital means that a farmer can obtain as much money 
as needed in his production program. Net prices are used in solving 
for the optimum program. The price minus the capital expense involved 
in producing a bushel of grain is the net price per bushel. 
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for competitive crop are listed in Table 2 and the qiiantities of the 
operator's labor available in each month are specified in Table 4. The 
severe capital limitation in Sitxiation 1 results in a substantial acreage 
in each area being xinused. Capital is limitational in most areas in 
Situation 2. In Situation 3, however, the only limitations on produc­
tion are imposed by land and labor. * 
The combixiation of crops which will maximize revenue in each 
township is shown in Table 18. Land is limitational in all but Saratoga 
Township, Where land is limitational the acreage available for com­
petitive crops is planted to corn. This program is optimum in all 
but Saratoga Township because of the following relationships: In 
comparing com and any other crop opportunity the iso-resource curve 
for land is part of the production possibility curve. The marginal 
rate of substitution of corn for each other crop considered with it is 
specified by the production possibility ciirve for the two crops. In 
each case the marginal rate of substitution is less than the inverse 
price ratio of the other crop and corn. Thus revenue is maximised by 
increasing the corn acreages as much as resources will permit. 
The production possibility curve in Saratoga Township includes 
the iso-resource curves for July labor and land. The former is the 
more limitational. thus, four acres of land are not planted. Land and 
July labor are exhausted simultaneously in Sheridan Township. There­
fore, they are equally limitational in corn production. 
If 
The possibility of limited labor in an unlimited capital situation 
may seem unrealistic. However, this situation concerns farms which 
are unable to hire the desired quidity of labor or are unwilling to hire 
labor other than at harvest time. 
Table 18. Activity levels, resource use and net revenue by 
township under Situation 3 
Acres seeded to: Acres Labor used Labor unused Net 
Township Pasture Hay Corn Oats Other unused June ^July Oct. Jiine July Oct. revenu 
Washington - 45.5 67.4 41. 1 0 0 157 206 70 44 3 131 1903 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 56 31 95 4658 
Troy - 38.0 79.5 36.5 0 0 140 182 83 57 15 106 2949 
Grand Meadow 38.8 29.9 40. 7 44.6 0 0 111 175 42 12 0 68 4953 
Saratoga 21.3 21.9 70. 7 36. 1 0 4.0 98 147 73 50 0 64 2995 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 36 35 52 6551 
Cedar 5.4 22.4 104.0 22. 2 0 0 141 167 108 60 36 89 5107 
Oakland 28.2 9.8 91.2 24.8 0 0 114 140 94 75 52 94 4692 
Logan 10.3 9.8 122.5 11.4 0 0 148 143 127 6 11 19 5126 
Jordan 16.8 14. 3 107.0 15.9 0 0 161 163 111 40 43 92 4434 
Lincoln M 16.8 19.2 94.0 24.0 0 0 137 158 97 45 24 81 4891 
Lincoln P 17.5 12.9 106.3 17. 3 0 0 143 151 110 58 54 90 7761 
Sheridan 15.9 17.6 102.9 17.6 0 0 153 159 107 6 0 45 8812 
Reading 6 . 1  9 . 1  129.0 9 . 8  0 0 147 139 134 17 25 24 5507 
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The geometric presentation of the resource-price relationships 
in Logan Township (Figure 10) demonstrates the analysis of Situation 3. 
The iso-resource curves for land and July labor specify the produc­
tion possibility curve for flax and com. Two marginal rates of sub­
stitution are specified in the production possibility curve, 0.1298 
where July labor is limitational (ab) and 0. 3250 where land is limita-
tional (be). Thus, one bushel of corn may be added to the production 
program for each 0. 3250 bushels of flax given up in the range where 
land is limitational to corn production (be). Since 0. 3451 bushels of 
flax are required to equal the value of one bushel of com. revenue 
will be maximized in Logan Township, as was true for all areas in 
Situation 3, by using the available resources for corn production. 
The determination of the optimum program for Logan Township by 
the simplex method involved the following three equations: 
Land (. 02500)xj + (. 02564)x2 + (. 07143)x3 + (. 07692)x4 + Xg « 122. 5. 
Jxily 
labor (. 01872)xj + (. 04808)X2 + (. 0A147)x^ + (. i4424)x^ + *6 ° 
October 
labor (. 02590)X| + (0)x2 + (• I6029)x2 + (O)x^ + x.^ « 146. 2 . 
A matrix was formed and the solution followed the method outlined 
in Table 14. The results appear in Table 18. 
4. Situation 4 
The second level of capital specified in Table 6 is available for com­
petitive crop production in Situation 4. The labor supply considered in 
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the previous situations is increased by 130 hours of family labor in 
Situation 4. Only the increase in labor causes the resource supply to 
be different in Situation 4 than in Sitviation 2. The quantities of labor 
available by month for each township are listed in Table 5. The land 
available for each township (Table 2) is the same for all resource 
sitxiations. 
The optimum crop program for each area, with the resource quanti­
ties specified in Situation 4, is presented in Table 19. With the excep­
tion of one township, corn is the only competitive crop planted in any 
location. Less than the available acreage is plauited in several town­
ships. With the exception of Saratoga and Logan Townships the unused 
acreage in Situation 4 (Table 19) is the same as in Situation 2 (Table 
17). Lack of labor prevents the full use of land in these two townships 
in Situation 2; however, the additional family labor allows all the land 
available for competitive crops in Saratoga and Logan Townships in 
Sitxiation 4 to be used. 
Unused acreage in other than Saratoga and Logan townships in 
both Situations 2 and 4 (Tables 17 and 19) results from the capital 
limitation. The optimxim program in eight locations specifies the 
planting of corn on as many acres as the limited capital will permit. 
The remainder of the land is not used. The possibility was suggested 
above that some farmers may prefer to "spread** their limited capital 
over the entire acreage by planting a crop involving lower capital 
expense per acre. Less than the maximum revenue results from this 
practice. 
Table 19. Activity levels, resource use and net revenue by 
township under Situation 4 
Acres seeded to: Acres Labor used Labor unused Net 
Township Pasture Hay Com Oats Other unused June July Oct. June July Oct. revenue 
Washington - 45.5 63.0 41. 1 0 4.4 153 202 65 178 136 136 1793 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 186 161 95 4658 
Troy - 38.0 72.6 36.5 0 6.9 134 177 75 193 150 114 2715 
Grand Meadow 38. 8 29.9 40.7 44.6 0 0 111 175 42 142 77 68 4977 
Saratoga 21.3 21.9 74. 7 36. 1 0 0 102 150 77 176 127 60 3128 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 166 165 52 6551 
Cedar 5.4 22.4 96.3 22.2 0 7.7 134 161 100 197 172 97 4758 
Oakland 28. 2 9.8 91.2 24.8 0 0 114 140 94 205 182 94 4692 
Logan 10.3 9.8 83.3 11.4 39.2^ 0 112 188 86 172 96 60 5042 
Jordan 16.8 14.3 102.6 15.9 0 4.4 157 160 106 174 176 97 4273 
Lincoln M 16.8 19.2 92.7 24.0 0 1.3 136 157 96 176 155 82 4828 
Lincoln P 17.5 12.9 92.3 17.3 0 14.0 130 140 96 201 195 104 6845 
Sheridan 15.9 17.6 91.8 17.6 0 11. 1 142 151 95 147 138 57 7997 
Reading 6. 1 9. 1 117.0 9.8 0 12.0 136 130 121 158 164 37 5035 
^Thirty nine and two-tenths acres of flax are included in the optimum program. 
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The method of solving for the optimum program for Logan Town­
ship is typical of that used for each location in Situation 4. Five 
resources appeared to be limitational in Logan Township. The limita­
tions which these resources impose on the four crop opportunities, 
corn, oats, soybeans and flax are expressed in the following equations: 
Land (. 02500)xj + (. 02564)x2 + {. 07143)x3 + (. Ql692)x^ + *5 ' ^^ 2. 5. 
Capital (. 51200)xj + (. 40740)x2 + (1. 33003)x3 + (I. 31010)x^ + *6 " 2373. 8. 
March 
labor (0)Xj + (.00910)x2 + (Ojxj + (.02731)x^ + Xy * 22.5. 
Jxily 
labor (. 01872)xj + (. 04808)x2 -i- (• 04751)x.^ + (. 14424)x^ + 
October 
labor (.02590)X| + (0)x2 + (. I6029)x3 -t- (O)x^ -I- x^ « 146. 2 . 
The activity levels which appear in Table 19 for Logan Township 
were obtained by a solution which followed the method used in Table 14. 
5. Sitxiation 5 
Situation 5 consists of a different combination of resources. Capital 
is unlimited and labor includes the operator's and family help in June, 
Jvily and August (Table 5). The acreage available is the same as in 
the previous examples. Situation 5 corresponds closely to Sitiiation 3 
in which only the operator's labor is available. 
A reventie maximising crop program was determined for each area 
with the resources specified in this situation. The results are listed in 
Table 20. The production program and net revenue figures in Table 20 
are different from Table 18 (Sitiiation 3) in only Grand Meadow and 
Table 20. Activity levels, resource use and net revenue by 
township under Situation 5 
Acres seeded to: Acres Labor used LAbor unused Net 
Township Pasture Hay Com Oats Other unused June July Oct. June July Oct. reven 
Washington - 45.5 67.4 41.1 0 0 157 206 70 174 133 131 1903 
Harrison B 39.8 21.4 68.3 24. 5 0 0 116 141 71 186 161 95 4658 
Troy - 38.0 79. 5 36.5 0 0 140 182 83 187 145 106 2949 
Grand Meadow 38.8 29.9 40. 7 44.6 0 0 111 175 42 142 77 68 4977 
Saratoga 21.3 21.9 74.7 36.1 0 0 102 150 77 176 127 60 3128 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 166 165 52 6551 
Cedar 5.4 22.4 104.0 22. 2 0 0 141 167 108 190 166 89 5107 
Oakland 28. 2 9.8 91.2 24.8 0 0 114 140 94 205 182 94 4692 
Logan 10.3 9.8 122.5 11.4 0 0 148 143 127 136 141 19 5126 
Jordan 16.8 14.3 107.0 15.9 0 0 161 163 111 170 173 92 4434 
Lincoln M 16.8 19. 2 94.0 24.0 0 0 137 158 97 175 154 81 4891 
Lincoln P 17.5 12.9 106.3 17.3 0 0 143 151 110 188 184 90 7761 
Sheridan 15.9 17.6 102.9 17.6 0 0 153 159 107 136 130 45 8812 
Reading 6. 1 9. 1 129.0 9.8 0 0 147 139 134 147 155 24 5507 
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Saratoga townships. The large dairy enterprises which are found in 
these areas allow the additional labor in Situation 5, as compared to 
Situation 3, to be used profitably. * The analysis indicates that labor 
is not a serious limitation to crop production on Iowa farms. Excep­
tions are found where large livestock enterprises, particularly dairy, 
are found. 
The optimum program for Logan Township is typical of all areas. 
Four resource limitations are expressed in the following four equations 
for Logan Township: 
Land (. 02500)xj + (. 02564)x2 + {. 07U3)x3 + (. 07692)x4 + *5 * ^^2.5. 
March 
labor (0)xj + (. 00910)x2 + (0)x2 + (• 02731)x^ *6 * 
July 
labor (. 01872)Xj + (. 04808)x2 + (. 04757)x3 + (. U424)x^ + x^ = 232. 2. 
October 
labor (. 02590)x2 + (0)x2 + (. 16029)x3 + (O)x^ *8 
The solution followed the method demonstrated in Table 14. The results 
appear in Table 20. 
6. Situation 6 
Both capital and labor are unlimited in Situation 6. Land is the only 
limitational resource in each area and thus specifies the extent to which 
the production program can be carried on. The crop selected for each 
IQC 
Labor requirements for the "average" livestock program were 
deducted from the total available to arrive at labor available for crops 
in each township. The added family labor makes more available for crops 
and the production program can be increased until land becomes limita­
tional. 
This statement is amplified below. 
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area will depend on the relationship between the cost and the price per 
unit of each crop opportunity. But this is the quantity expressed by 
Bj - Cj (Table 14). The solution by the simplex method is obvious when 
only one resource is considered. However the demonstration of the 
technique is usefxil. 
The limitation imposed by land on the crop opportunities in Logan 
Township is expressed as follows: 
(. 02500)xj + (. 02564)x2 + (. 07143)x3 + (. 0769 2)x4 *5 = 
This equation is presented in matrix form in Table 21. Three 
alternative production plana are considered by the simplex method. 
Plan 1 specifies the disposal (non-use) of all land. The negative quanti-
tie s in the z. - Cj row indicate that revenue can be increased by includ­
ing production of corn, oats, soybeans, or flax. The largest increase 
in revenue per unit (bushel) is found in flax production. Therefore, it 
is included in Plan 2 as far as resources (land only in this case) permit. 
That is 1592.6 bushels. The negative quantity in the - Cj^ column 
of Plan 2 indicates that the optimimi program has not been found. In 
Plan 2 the opportunity cost of adding com is the value of the flax which 
would be foregone (z^ » $1. 29) for each bushel of corn added. However, 
each bushel of corn is worth ^1. 43. Corn is included in Plan 3. An 
optimxun is indicated by all positive qiiantities appearing in the z. - c . J J 
row. 
The optimum program was foimd for each area with imlimited labor 
and capital. The results appear in Table 22. Planting the available 
Table 21. A linear programming solution by the simplex method for 
four activities with one limitational resource in Logan 
Township (Situation 6) 
Plan 
^i Vector 
Land P, 
"^0 
122.5 
1.43 
Corn 
. 76 
Oats 
2.54 
Soybeans 
3.97 
Flax 
02500 
^2 
02564 
^3 
.07143 
^4 
07692 1592.6 
-1.43 76 -2.54 -3.97 
3.97 
z. 
'j'^j 
1.43 
'j 
1592.6 13.0005 .32501 .33333 .92863 
6322.5 51.612 1.290 1.323 3.687 
6322.5 51.612 -.14 .563 1.147 
4900.0 
7007. 1 
7007.1 
1 4900.0 
3.97 
0 
40.000 
57. 20 
57. 20 
1 
1.43 
0 
1.026 
1.467 
.707 
2.857 
4. 086 
1.546 
3.077 
4. 400 
.430 
T^ep-
ivenue 
1529 
4283 
2508 
4751 
2714 
5904 
4529 
4184 
4446 
3840 
4369 
7152 
8245 
4792 
Table 22. Activity levels, resource use and net revenue by 
township under Sittiation 6 
[Rcres seeded to; Acres 
Pasture Hay Corn Oats Other unused 
Washington - 45.5 67.4 41. 1 0 0 
Harrison B 39.8 21.4 68.3 24.5 0 0 
Troy - 38.0 79.5 36.5 0 0 
Grand Meadow 38.8 29.9 40.7 44.6 0 0 
Saratoga 21.3 21.9 74.7 36.1 0 0 
Harrison K 13. 1 10.5 116.5 13.9 0 0 
Cedar 5.4 22.4 104.0 22.2 0 0 
Oakland 28.2 9.8 91.2 24.8 0 0 
Logan 10.3 9.8 122.5 11.4 0 0 
Jordan 16.8 14.3 107.0 15.9 0 0 
Lincoln M 16.8 19.2 94.0 24.0 0 0 
Lincoln P 17.5 12.9 106. 3 17.3 0 0 
Sheridan 15.9 17.6 102.9 17.6 0 0 
Reading 6. 1 9.1 129.0 9.8 0 0 
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acreage to corn znaxixnised revenue in each location. Net revenue is 
less than in Situation 5, since the cost of labor has been deducted. * 
7. Conclusions from Situations 1 to 6 
The addition of family labor to the operator's labor affected the 
production program in only two areas. It is assumed that hired labor 
is available at harvest time in all situations. Other resource quanti­
ties remaining the same, unlimited labor did not change the production 
program from the operator plus family labor situations. The conclus­
ion may be drawn that the labor supply on the ''family farm" is adequate 
for the crop opportunities considered in this study. 
Capital limitation is more serious. Shortage of capital prevents the 
full use of land and labor, consequently net revenue is low. Capital 
limitation not only causes land and labor to remain in disposal (non-use) 
but causes less than the most profitable crops to be included in the 
program. A comparison of the crop plan in Logan Township under 
Situation 2 (Table 17) and Situation 3 (Table 18) demonstrates this point. 
The available resources differ only in the quantity of capital. Flax is 
included in the former plan in which capital is limited. In the latter 
plan all acreage is planted to corn resulting in higher revenue per acre. 
The average cost by season of farm labor in Iowa without board and 
room for the period 1948-1952 was used to make the appropriate deduction. 
Farm labor. U. S. Department of Agriculture. Washington. D. C. Govt. 
Printing Office. 
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B. 1941 - 1944 Price Ratios 
Compared to 1948 - 1952, oats and soybeans were relatively higher 
priced than corn in 1941 - 1944. Wheat and flax were relatively lower 
priced than corn in 1941 - 1944 compared to 1948 - 1952. Iso-revenue 
curves which involve corn and one of the other crops mentioned in 
this section have a different slope when based on the 1941 - 1944 
price ratios than when based on 1948 - 1952 ratios. Thus the change 
in price ratios zxiay affect the combination of crops included in the 
optimum plan. * The same resource quantities considered in Situations 
1 to 6 are involved in Situations 7 to 12, respectively. The production 
possiblity curve for each area in the corresponding resource situation 
is the same. The results which were obtained in Situations 7 to 12 
are compared with those obtained in Situations 1 to 6. Thus, the 
effect of changes in the price ratios may be seen. 
1. Sitviation 7 
The available resources are listed in Tables 2 and 11. An optimvim 
crop program was determined for each area and the results appear in 
Table 23. A comparison of Table 23 with Table 16 (Sitxiation 1) reveals 
that the changes in price ratios cause the optimum plan to differ in only 
J 
Provided crop prices are siifficiently high to yield a positive revenue, 
the level of prices will not influence the extent to which the production 
program is carried on, nor the combination of crops included in the 
program. 
Table 23. Activity levels, resource use and net revenue by 
township under Sitiiation 7 
Acres seeded t(x Acres Labor used Labor unused Net 
Township Pasture Hay Corn Oats Other unused June July Oct. J^une July Oct. revenue 
Washington - 45. 5 0 41. 1 15.6® 51. 8 109 166 35 92 43 166 1221 
Harrison B 39. 8 21. 4 44. 0 24. 5 0 24. 3 94 123 46 78 50 120 4732 
Troy - 38. 0 25. 8 36. 5 0 53. 7 91 142 27 106 55 162 1639 
Grand Meadow 38. 8 29. 9 14. 8 44. 6 0 25. 9 87 156 15 36 0 95 4957 
Saratoga 21. 3 21. 9 39. 0 36. 1 0 35. 7 69 124 40 79 24 97 2719 
Harrison K 13. 1 10. 5 69. 0 13. 9 0 47. 5 98 107 71 80 71 102 4569 
Cedar 5. 4 22. 4 50. 6 22. 2 0 53. 4 92 127 52 109 76 145 3189 
Oakland 28. 2 9. 8 52. 7 24. 8 0 38. 5 79 112 55 110 80 133 3813 
Logan 10. 3 9. 8 36. 5 11. 4 40.0^ 46. 0 69 154 38 85 0 108 3796 
Jordan 16. 8 14. 3 57. 3 15. 9 0 49. 7 115 126 59 86 80 144 3225 
Lincoln M 16. 8 19. 2 47. 8 24. 0 0 46. 2 95 123 50 87 60 128 3423 
Lincoln P 17. 5 12. 9 51. 6 17. 3 0 54. 7 93 110 53 108 95 147 4876 
Sheridan 15. 9 17. 6 49. 8 17. 6 0 53. 1 104 119 52 55 40 100 5819 
Reading 6. 1 9. 1 71. 6 9. 8 0 57. 4 94 96 74 70 68 84 3617 
^Fifteen and six-tenths acres of soybeans are included in the optimxim program. 
^Forty acres of flax are included in the optimiun program. 
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Washington Township. Corn production maximized revenue in this 
township in Situation 1 but soybean production is optimxim in Situation 7. 
The marginal rate of svibstitution of corn for soybeans is 0. 5245 in 
both sihiations. The inverse price ratio in Situation 1 is 0.5630 
which indicates that revenue is maximised by shifting all resources 
to corn production. In Situation 7 the inverse price ratio is 0. 5107. 
Thus, soybeans are a more profitable crop than corn. 
These results may be clarified by a comparison of Figures 5 and 
11. The iso-resource curve appearing in each has the same slope. 
However, the iso-revenue curves in Figure 5 are steeper than in 
Figure 11, since corn is relatively lower priced in the latter case. 
Thus, the highest iso-revenue curve is attained in Figure 5 (Situation 1) 
when all resources are used in corn production. The highest iso-
revenue curve is reached in Figure 11 when all resources are used to 
produce soybeans. 
2. Situation 8 
The resources available in Situation 8 are listed in Tables 2 and 
11. The optimum crop program for each area is listed in Table 24. A 
comparison of Table 24 and Table 17 (Situation 2) reveals that the 
optimum program is the same in each area except Washington Township. 
Soybeans are included with corn to maximize revenue in this township 
in Situation 8, whereas corn alone yielded the greatest return in 
Situation 2. The reason for the change is indicated in Figure 12. 
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Fig. 11. Optixsuxn coznbinaticm of corn and soybeans 
under Situation 7, Washington Township 
Table 24. Activity levels, resource use and net revenue by 
township under Situation 8 
Acres seeded to • • 
Other 
Acres Labor used Labor unu^d Net 
Township Pasture Hay Corn Oats unused June July Oct. June July Oct. revenue 
Washington - 45.5 10.0 41.1 57.4^ 0 155 201 139 46 8 62 2473 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 56 31 95 5908 
Troy - 38.0 72.6 36.5 0 6.9 134 177 75 63 20 114 3238 
GraindMeadow 38.8 29.9 40. 7 44.6 0 0 111 175 42 12 0 68 6639 
Saratoga 21.3 21.9 70. 7 36.1 0 4.0 98 147 73 50 0 64 3767 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 36 35 52 7025 
Cedar 5.4 22.4 96.3 22.2 0 7. 7 134 161 100 67 42 97 5249 
Oakland 28. 2 9.8 91.2 24.8 0 0 114 140 94 75 52 94 5473 
Logan 10.3 9.8 105.7 11.4 12.3^ 4.5 133 154 110 21 0 36 5400 
Jordan 16.8 14.3 102.6 15.9 0 4.4 157 160 106 44 46 97 4870 
Lincoln M 16.8 19.2 92.7 24.0 0 1. 3 136 157 96 46 25 82 5492 
Lincoln P 17.5 12.9 92.3 17.3 0 14.0 130 140 96 71 65 104 7534 
Sheridan 15.9 17.6 91.8 17.6 0 11. 1 142 151 95 17 8 57 8888 
Reading 6.1 9.1 117.0 9.8 0 12.0 136 130 121 28 34 37 5393 
a Fifty seven and four-tenths acres of soybeans are included in the optimum program. 
^Twelve and three-tenths acres of flax are included in the optimum program. 
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The production possibility curve for soybeans and corn consists 
of two segments formed by the iso-resource curves for land and 
capital. ThuSi land and capital are the most limitational resources. 
A marginal rate of substitution of corn for soybeans is specified by 
the requirement for each resource, 0.4839 in the range where land 
is limitational (ab) and 0. 5245 where capital is limitational (be). 
The inverse price ratio in Situation 8, 0. 5107, falls between the 
two substitution rates. Revenue is increased by expanding corn 
acreage while the marginal rate of substitution of corn for soybeans 
is 0.4839. Revenue decreases if the marginal rate of substitution 
of corn for soybeans exceeds 0. 5107. Thus 311. 5 bushels of corn 
and 860 bushels of soybeans maximize revenue in Situation 8 since 
the marginal rat« of substitution changes from a constant 0.4839 to 
a new constant 0. 5245 at this level of production. In Situation 2 
the inverse price ratio is 0.5630. Therefore, revenue is increased 
by expanding corn acreage as far as resources permit. 
3. Situations 9 to 12 
The optimum program for Situations 9 to 12 are presented in 
Tables 25 to 28. The advantage enjoyed by soybeans over corn in 
Washington Township disappears when capital is unlimited. This 
result might be forecast from an examination of Figure 12. If the 
iso-resource curve for capital is removed, the iso-resource curve 
for land becomes the production possibility curve. The highest iso-
Table 25. Activity levels, resource use and net revenue by 
township under Situation 9 
Acres seeded to; Acres Labor used Labor tmused Net 
Township Pasture Hay Corn Oats Other unused June July Oct. June July Oct. reven 
Washington - 45.5 67.4 41.1 0 0 157 206 70 44 3 131 2520 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 56 31 95 5908 
Troy - 38.0 79.5 36.5 0 0 140 182 83 57 15 106 3472 
Grand Meadow 38.8 29.9 40.7 44.6 0 0 111 175 42 12 0 68 6639 
Saratoga 21.3 21.9 70. 7 36. 1 0 4. 0 98 147 73 50 0 64 3767 
Harrison K 13. 1 10.5 116.5 13.9 0 0 142 143 121 36 35 52 7025 
Cedar 5.4 22.4 104.0 22. 2 0 0 141 167 108 60 36 89 5598 
Oakland 28.2 9.8 91.2 24.8 0 0 114 140 94 75 52 94 5473 
Logan 10.3 9.8 122.5 11.4 0 0 148 143 127 6 11 19 5600 
Jordan 16.8 14.3 107.0 15.9 0 0 161 163 111 40 43 92 5030 
Lincoln M 16.8 19.2 94.0 24.0 0 0 137 158 97 45 24 81 5555 
Lincoln P 17.5 12.9 106.3 17.3 0 0 143 151 110 58 54 90 8451 
Sheridan 15.9 17.6 102.9 17.6 0 0 153 159 107 6 0 45 9702 
Reading 6.1 9.1 129.0 9.8 0 0 147 139 134 17 25 24 5865 
Table 26. Activity levels, resource use and net revenue by 
township under Situation 10 
Acres seeded tol Acres Labor used Labor unused Net 
Township Pasture Hay Corn Oats Other unused June July Oct. June July Oct. revenue 
Washingtpn - 45.5 10.0 41. 1 57. 4» 0 155 201 139 176 138 62 2473 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 186 161 95 5908 
Troy - 38.0 72.6 36.5 0 6.9 134 177 75 193 150 114 3238 
Grand Meadow 38.8 29.9 40.7 44.6 0 0 111 175 42 142 77 68 6664 
Saratoga 21.3 21.9 74. 7 36.1 0 0 102 150 77 176 127 60 3900 
Harrison K 13.1 10.5 116.5 13.9 0 0 142 143 121 166 165 52 7025 
Cedar 5.4 22.4 96.3 22.2 0 7. 7 134 161 100 197 172 97 5249 
Oakland 28.2 9.8 91.2 24.8 0 0 114 140 94 205 182 94 5473 
Logan 10.3 9.8 83.3 11.4 39. 2^ 0 112 188 86 172 96 60 5491 
Jordan 16.8 14.3 102.6 15.9 0 4.4 157 160 106 174 176 97 4870 
Lincoln M 16.8 19.2 92-7 24.0 0 1. 3 136 157 96 176 155 82 5492 
Lincoln P 17.5 12.9 92.3 17.3 0 14.0 130 140 96 201 195 104 7534 
Sheridan 15.9 17.6 91.8 17.6 0 11. 1 142 151 95 147 138 57 8888 
Reading 6. 1 9. 1 117.0 9.8 0 12.0 136 130 121 158 164 37 5393 
a Fifty seven and four-tenths acres of soybeans are included in optimum program. 
^Thirty nine and two-tenths acres of flax are included in optimum program. 
Table 27. Activity levels, resource use and net revenue by 
township under Situation 11 
Acres seeded to: Acres Ea5or"use3 L.abor unused NeF 
Township Pasture Hay Com" Oats Other unused June July Oct. June July Oct. revem 
Washington - 45.5 67.4 41.1 0 0 157 206 70 174 133 131 2520 
Harrison B 39.8 21.4 68.3 24.5 0 0 116 141 71 186 161 95 5908 
Troy - 38.0 79.5 36.5 0 0 140 182 83 187 145 106 3472 
Grand Meadow 38.8 29.9 40.7 44.6 0 0 111 175 42 142 77 68 6664 
Saratoga 21.3 21.9 74. 7 36.1 0 0 102 150 77 176 127 60 3900 
Harrison K 13.1 10.5 116.5 13.9 0 0 142 143 121 166 165 52 7025 
Cedar 5.4 22.4 104.0 22. 2 0 0 141 167 108 190 166 89 5598 
Oakland 28.2 9.8 91.2 24.8 0 0 114 140 94 205 182 94 5473 
Logan 10.3 9.8 122.5 11.4 0 0 148 143 127 136 141 19 5600 
Jordan 16.8 14.3 107.0 15.9 0 0 161 163 111 170 173 92 5030 
Lincoln M 16.8 19. 2 94.0 24.0 0 0 137 158 97 175 154 81 5555 
Lincoln P 17.5 12.9 106.3 17.3 0 0 143 151 110 188 184 90 8451 
Sheridan 15.9 17.6 102. 9 17.6 0 0 153 159 107 136 130 45 9702 
Reading 6. 1 9.1 129.0 9.8 0 0 147 139 134 147 155 24 5865 
Table 28. Activity levels, resource use and net revenue by 
township under Situation 12 
Acres seeded to; 
Pasture Hay Corn ^Oats 
Acres 
Other unused 
•"-Ret 
revenue 
Washington 
Harrison B 
Troy 
Grand Meadow 
Saratoga 
Harrison K 
Cedar 
Oakland 
Logan 
Jordan 
Lincoln M 
Lincoln P 
Sheridan 
Reading 
39.8 
38.8 
21. 3 
13. 1 
5.4 
28. 2 
10.3 
16.8  
16.8  
17.5 
15.9 
6. 1 
45.5 
21.4 
38.0 
29.9 
21.9 
10.5 
22.4 
9.8 
9.8 
14. 3 
19.2 
12.9 
17.6 
9. 1 
67.4 
68.3 
79.5 
40.7 
74.7 
116.5 
104.0 
91.2 
122.5 
107.0 
94.0 
106.3 
102.9 
129.0 
41. 1 
24.5 
36.5 
44.6 
36. 1 
13.9 
22.2 
24.8 
11.4 
15.9 
24.0 
17. 3 
17.6 
9.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2147 
5533 
3031 
6437 
3486 
6378 
5020 
4965 
4920 
4436 
5033 
7842 
9135 
5149 
93 
revenue curve is reached if all resources are used in corn production. 
The 1941 - 1944 period was selected since the prices of oilseeds 
were more favorable in those years relative to corn, than in any 
recent period. In spite of this advantage, flax and soybeans occur 
in an optimum program only when capital limitation prevents the 
entire available acreage being planted to corn. 
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VII. DISCUSSION 
A. Alternative Objectives to Revenue Maximization 
1. Leisure 
Throughout the analysis the objective has been the determination of 
the crop combinations which maximizes revenue for different qxiantities 
of available resources. However, it must be recognized that the 
maximization of total revenue may not be the only or even the main 
objective of many farmers. When Table 14 was being discussed in 
Section V it was specified that the number, 6. 93, in column P^, 
row P^, of Plan 2, was the opportimity cost in terms of bushels of 
flax, of one hour of July labor being put into disposal (non>u8e). This 
is equivalent to adding one hour to family leisure. The analysis does 
not suggest which alternative a farmer in the area concerned should 
choose, it only indicates the combination of activities which maximizes 
revenue, and the cost, in terms of units of product, of diverting re­
sources to disposal. Disposal in this sense would mean using capital 
for household expenses or choosing leisure instead of work. 
2. Income stability 
Stability of income will have different degrees of importance for 
individual farmers. In most locations corn provides a high level of 
income but it has been found that the income is highly variable. ^ Income 
from oats is much less variable but this crop is much less profitable 
than corn. Soybeans were included as a possible crop opportunity in 
the production programs which were developed in this study. They 
have only appeared in the revenue maximising plan for one area. How­
ever, soybeans have the effect of reducing income variance without 
reducing income itself as severely as do hay or oats when included in 
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a diversified program. The crop which provides the highest income 
and the one which results in the least variability of income for each 
location studied are listed in Table 29. In some areas income variabil­
ity reaches a minimum for a corn-soybean combination when some 
acreage is planted to each crop. In other areas the minimum variabil­
ity is not reached until all corn is given up and the entire acreage is in 
soybeans. The corn-soybean ratio resulting in the least income 
variability is shown in Table 29 together with the percentage reduction 
in variability which can be achieved and the loss of income which 
would accompany the reduction in variability. 
In this study it has been assumed that the optimum plan was the 
one resulting in the highest revenue. For some farmers a production 
program which offers more stability at some cost in total revenue will 
be preferable. The anaount of expected income which any manager will 
give up in return for some stability is an individual decision. It may 
Heady, £. O., Kehrberg, E. W., and Jebe, E. H. Economic 
instability and choices involving income and risk in primary or crop 
production. Agr. Exp. Sta. Res. BiU. 404. 1954. Iowa State College. 
^Ibid. .p. 689. 
Table 29. Crops which provide highest income and lowest variability, ratios of corn 
and other crops which provide least variability for the pair, percent^e 
and reduction in variability and resulting percentage income loss 
Crop Crop with Ratio of corn and 7* reduction Y» loss in 
returning lowest soybeans resulting in variance income 
Township highest income in minimum compared to compared 
income variance variance growing all to growing 
Corn Soybeans corn all corn 
Washington Corn Oats 0 1 36 25 
Harrison B Corn Cats 0 1 65 62 
Troy Corn Oats 8 2 1 4 
Grand Meadow Corn Oats 0 1 69 67 
Saratoga Corn Oats 0 1 70 58 
Harrison K Corn Oats 7 3^ 25 17 
3 7** 25 15 
Cedar Corn Oats 0 1 44 37 
Oalcland Corn Oats 0 1 44 56 
Logan Flax Oats 0 lb 61 49 
3 7c 23 + 12 
Jordan Corn Oats 1 9® 45 29 
Lincoln M Corn Oats Wheat 1 9- 37 43 
0 1*= 77 56 
Lincoln P Corn Oats 0 1 47 45 
Sheridan Corn Oats 0 1 54 46 
Reading Corn Oats 0 1 61 29 
Adapted from data presented by Heady, E. O., Kehrberg, E. W., and Jebe, E. H. Economic 
instability and choices involving income and risk in primary or crop production. 
^Flax is grown in place of soybeans. 
Wheat is grown in place of soybeans. 
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be seen in Table 29 that income stability comes at a rather high price. 
B. Single Valued Expectations 
The yield data used in this study are single valued expectations, 
based on a central value, the average yields of a previous period. 
However, it must be recognized that yield e3q)ectations are not single 
valued, rather the farmer has some range of yield expectations for 
each crop enterprise. It is recalled that the yield figure for each 
crop and location was used in determining input coefficients. That is, 
the capital expense per acre divided by the yield is the capital coeffi­
cient per bushel. The land and labor coefficients are determined in 
the same manner. Obviously the input coefficients for each crop in 
each location will vary with the yields. 
Variability of the input coefficients has been considered by Babbar. ^ 
It has been found possible to derive approximate probability distributions 
of the activity levels and make predictions as to the variability of the 
outcome of a plan. 
It is considered that the analysis of preceding sections has not been 
invalidated by the failtire to consider yield variability. Although corn 
yields vary more than the yields of other crops considered in this 
analysis, an examination of crop yield data for Iowa reveals a strong 
^Babbar, M. M. Statistical approach in planning production programs 
for interdependent activities. Unpublished Ph. D. Thesis. Ames, Iowa. 
Iowa State College Library. 1953. p. 39. 
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tendency for yields to vary in the same direction. Therefore, input 
coefficients, in most instances, vary in the same direction. Thus, 
a crop program which is indicated optimum under one set of yield 
conditions will tend to be optimum under other yields (which are in 
approximately the same ratios to each other) although the level of 
income will be different. 
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VIII. SUMMARY AND CONCLUSIONS 
The main objective of this study has been the determination of the 
crop production program which maximizes total revenue for different 
soil areas in Iowa and for different levels of resource ownership. The 
analysis was carried out by the use of the simplex method of the 
linear programming technique. Accordingly, an optimxun (revenue 
maximising) crop program was determined for fourteen main soil as­
sociations. Six resource quantities were considered for each and the 
analysis was repeated for a second price period. In all, 168 situations 
were considered. Only one production technique or process was used 
in the analysis. That is, only one combination of resource inputs per 
unit of product was considered for each crop and each area. The 
axuilytical method lends itself well to considering several production 
techniques. However, the lack of yield data which reflect the results 
of different techniques acc\irately made this extension inadvisable. 
The analysis has substantiated the hypothesis that the optimum plan 
will differ from farm to farm, even on the same soil type, if the 
quantity of resources available for production is different. This 
optimum plan will vary between areas due to relative differences in 
crop yields. Changes in price ratios over time may cause the optimum 
production plan of one period to be relatively less favorable in another 
price period. Therefore, no one combination of crops can be considered 
optimum for all farms, nor is the program which was optimum at one 
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time necessarily optimuxn at some time in the future. 
The results obtained in Logan Township demonstrate the findings 
of the study. Corn and flax were the most profitable combination of 
crops for part of the land (1948 - 1952 average price levels were used) 
and part of the acreage was not planted, when capital was severely 
limitational. As the quantity of available capital was increased, part 
of the unused acreage and part of the flax acreage were planted to 
corn. With unlimited capital the most remunerative use of resources 
was found to be in the production of corn exclusively. The average 
price of oats and soybeans during 1941-1944 was more favorable, 
relative to the price of corn, than during 1948 - 1952. Using 1941 -
1944 price ratios, soybeans were included in the optimum plan in 
Washington Township. However, their inclusion was associated with 
low available capital. As the capital quantity was increased soybeans 
were replaced by corn, in spite of the relatively favorable price of 
the former crop in 1941 - 1944. Labor tended to be limitational in 
Logan Township although the restriction imposed in this township 
was less severe than in areas where a large dairy enterprise was 
typical. 
The selection of the programa which results in maximum revenue 
may not be the farmer's only concern. It is, however, of very real 
importance in the decision making process, if for nothing more than 
permitting the farmer to know the opportimity cost of chosing some 
other objective. 
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Most farmers probably do a type of budgeting to arrive at an opti­
mum program given their individual objectives. They take stock of 
their resource supply and then determine the levels at which the 
several crop enterprises may be carried on. The method is laborious 
since a very large number of crop combinations or programs exist 
for even a relatively small farm enterprise. The possibility also 
exists that the optimum plan will never be considered, since there 
is nothing in the budgeting technique which provides for all alterna­
tives being considered. 
Linear programming is an alternative to the budgeting technique 
in individual farm analysis. The method is exact. It cannot fail 
to lead the investigator to the optimum plan; that is, all possibilities 
will be considered. Several internal checking methods are available 
which cause arithmetic errors to be obvious. The determination of 
the optimum plan can be carried out quickly with linear programming. 
The development of linear programming and its application to 
agricultural economics greatly enhances the opportunity of carrying 
on individual farm planning. While the resource situations which have 
been included in this analysis are considered to be applicable to many 
Iowa farms, individual farm analysis might result in the recommended 
program being somewhat different in many instamces. Unlike many 
of the research tools which have been available to agricultural econo­
mists, linear programming lends itself well to individxial farm analysis. 
Budgeting has been the main exception. Either analytical method 
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requires that the research worker be able to specify resource quanti­
ties, production opportunities which are approximately equally profit­
able, production techniques and the quantity of product which may result 
from each. Price expectations must also be formulated before the 
relative emphasis which should be given each opportunity in a revenue 
maximizing program can be determined. None of these requirements 
is imrealistic. Resource quantities, prices and techniques change 
over time, however, and new opportunities become available. There­
fore, the necessity for program revision is apparent. Because of 
the relative ease with which the optimum program may be determined 
linear programming is a considerable improvement over budgeting. 
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Appendix A. Computation of the Land Available for 
Competitive Crops by Township 
One hundred and sixty acres was considered the basic farm size. 
Six acres was deducted from the basic sise for roads and building 
area. Township data was used to estimate the acreage in the various 
forage crops. * Total cultivated acreage (Table 30) was computed by 
deducting from the total farm acreage in each township, the acreage 
in roads and buildings and the permanent pasture. *'* The acreages in 
red clover-timothy, alfalfa-brome and rotated pasture were computed 
for each township. It was considered that an appropriate oats acreage 
would be given by including one acre for each acre of red clover-
timothy and one-half an acre for each acre of alfalfa-brome and rotated 
pasture. '*** More oats could be seeded if it was indicated desirable 
to do so from a profit maximizing point of view. However, the 
amount shown in Table 30 is a necessary minimum to accommodate the 
seeding of the forage crops. All figures are five year averages for 
the period 1948 - 1952. 
Data provided by the Iowa Crop and Livestock Reporting Service 
were available from microfilm of the Iowa State College Library for 
the years 1948 - 1951 inclusive. Data for 1952 were obtained directly 
from the Iowa Crop and Livestock Reporting Service. Des Moines. 
The acreage in permanent pasture was obtained for each township 
from private communication with the appropriate county Agricultural 
Stabilization and Conservation office. The figure in each case is 
intended to include all pasture which is not part of a regular rotation. 
It was indicated by the Cotinty Chairmen of some Agricultural 
Stabilization and Conservation offices that rotated pasture was down 
more than two years in some townships and less in others. This 
called for an appropriately smaller or larger acreage of oats. 
Table 30. Computation of the acreage restriction for forage and oats per farm by township 
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Washington 9,905 2, 361 566 K 2,644 36.7 8.8 . 41. 1 
Harrison B 12, 352 1,151 563 3,193° 1,965 14.4 7.0 39.8 24.5 
Troy 9,809 2, 227 193 - 2, 323 34.9 3. 1 - 38.0 
Grand Meadow 18,534 2,465 1,130 4,673 5,366 20.5 9.4 38.8 44.6 
Saratoga 17,639 2,497 16 2,440*^ 4,131 21.8 0. 1 21.3 36.1 
Harrison K 20,811 5 6 2  852 1,778, 1,877 4.2 6.3 13. 1 13.9 
Cedar 14,341 1, 721 364 500® 2,077 18.5 3.9 5.4 22.2 
Oakland 10,875 325 369 1,993® 1,755 4.6 5.2 28. 2 24.8 
Logan 19,699 353 896 1,319 1,461 2.8 7.0 10.3 11.4 
Jordan 16,086 62 1,429 1,760 1,656 0.6 13.7 16.8 15.9 
Lincoln M 17,939 1.400 840 1,951 2, 796 12.0 7. 2 16.8 24.0 
Lincoln P 20,518 553 1,158 2, 342, 2, 303 4. 2 8. 7 17.5 17.3 
Sheridan 19,456 897 1,332 2, 000 2, 230 7. 1 10.5 15.9 17. 7 
Reading 19,119 540 593 750 1,211 4.3 4.8 6.1 9.8 
Oats acreage is equal to sum of red clover-timothy, one half alfalfa-brome and one half rotated 
pastxxre except in cases indicated b - e 
^Pasture is rotated every 6 years. 
^Pasture is rotated every 1.5 years. 
'Pasture is rotated every 3 years. 
^Pasture is rotated every 1.6 years. 
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The proportion which each of these crops was of the total culti­
vated acreage in a township was used to indicate the deduction which 
should be made from 154 acres for the crop concerned. That is, if 
one quarter of the cultivated acreage in a township was seeded to red 
clover-timothy, it was assiuned that 38.5 acres per farm was seeded 
to red clover-timothy. The acreage of alfalfa-brome and rotated 
pasture was found in the same way. The computation of the acreages 
thus committed on a 160 acre farm is indicated in Table 30. 
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Appendix B. Labor Requireznents for the Livestock 
Enterprise 
The average sise of the livestock enterprises per farm in the town­
ships considered was estimated from county data. ^ The average 
nimiber of each main category of livestock per farm for the period 
1948 - 1952 is shown in Table 31. The hours of labor required for 
each individual or unit per month is shown in Table 32. The total 
hours required per month for the complete livestock enterprise is 
readily computable and appears in Table 33. 
^lowa State Department of Agriculture. Iowa Year Book of 
Agriculture. Des Moines, Iowa, The State of Iowa. 1948 - 1952. 
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Table 31. Average number of animals per farm by-
county 1948 - 1952^ 
Dairy Beef Other, Spring Fall 
County cows cows cattle litters litters 
Appanoose 4 6 10 3 1 
Benton 5 5 10 13 4 
Clarke 4 8 12 6 3 
Clayton 11 2 13 11 3 
Howard 9 3 12 8 3 
Kossuth 5 2 7 12 3 
Lee 4 3 7 5 3 
Louisa 3 4 7 11 7 
Lyon 7 3 10 14 3 
Monona 3 2 5 9 2 
Montgomery 4 4 8 13 4 
Polk 4 2 6 5 2 
Sioux 7 2 9 11 4 
Scott 6 2 8 14 3 
Iowa State Department of Agriculture. Iowa Year Book of 
Agriculttire. Des Moines* Iowa. The State of Iowa. 1948 - 1952. 
^The Iowa State Department of Agriculture data included cattle on 
feed which compete wi& crops for labor to only a limited extent, if 
at all. An "other cattle" figure was estimated at one anixnal for each 
dairy and beef cow. 
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Table 32. Monthly labor requirement in hours per individual 
or unit for different classes of livestock^ 
Month Dairy Beef Other Spring Fall 
cows cows cattle litters litters 
January 11. 132 1.088 2. 114 2.054 4.092 
February 10.527 1.088 2. 114 2. 054 3,597 
March 11.132 1. 208 1.876 2.470 3.597 
April 10.285 .816 1.652 2. 600 3. 201 
May 9.801 .408 .938 2. 355 2.508 
June 9.317 .408 . 238 2. 158 2.310 
July 9.559 .408 .238 2. 158 1. 782 
August 9.922 .408 .476 2.158 1.551 
September 9.922 .408 .238 2. 054 1.716 
October 9.922 .408 .938 2.054 1.650 
November 9.438 .536 1.414 2.028 2. 706 
December 10.043 .816 1.764 1.846 4. 290 
Total 121.000 8.000 14.000 26.000 33.000 
United States Department of Agriculture, Iowa Agricultural 
E3q>eriment Station and Iowa Agricultural Extension Service. Iowa 
wartime maximum agricultural capacity. Unpublished report. Ames, 
Iowa, Iowa State College. 1943. 
Table 33. Total monthly labor requirement in hours lor the Average livestock enterprise by 
county 
County Jan. Feb. Mar. » Apr • May June July Aug. Sept. Oct. Nov. Dec. 
Appanoose 82. 5 79.5 81. 5 73. 6 60.6 50.9 51.3 54.9 52.4 59.3 63.9 72.5 
Benton 125. 3 120.3 127. 0 118. 6 101.2 88.3 87.4 90.7 87.6 94.3 101.2 113.1 
Clarke 103. 2 99.3 102. 3 92. 7 75.4 63.3 62.7 66.3 63.3 71.5 79.3 91.8 
Clayton 187. 0 178.8 187. 2 174. 4 154.4 137.1 138.1 144.5 140.8 149.7 153.7 168.2 
Howard 157. 5 150.6 156. 9 145. 2 127.1 112.1 112.7 118.2 115.0 123. 2 127.9 141.6 
Kossuth 109. 6 105.0 111. 6 105. 4 92.3 81.9 81.5 84.3 81.9 86.6 90.6 99.2 
Lee 85. 1 81.2 84. 4 77. 8 66.3 57.9 57.3 59.7 58.0 62.7 67.5 77. 1 
Louisa 103. 8 98.5 103. 7 96. 7 81.2 71.2 68.2 69.3 67.7 72.1 81.6 96.1 
Lyon 143. 4 137.6 145. 7 137. 0 119.9 106.0 106.1 110.3 107.0 113.8 118.3 129.1 
Monona 72. 8 70.0 74. 6 70. 5 61.2 54.0 53. 7 55.5 53. 7 57.1 60.1 65.8 
Mont­
gomery 108. 9 104.5 110. 9 104. 2 89.1 78.1 77.0 79.4 76.8 82.1 88.4 98.7 
Polk 77. 8 74.4 77. 7 72. 1 62.5 54.9 54.8 57.3 55.6 59.7 62.9 70.2 
Scott 138. 1 131.9 138. 8 129. 9 113.9 101.2 100.7 104.5 101.9 107.9 113.0 125.3 
Sioux 126. 9 121.8 129. 6 122. 6 107.8 95.8 95.6 99.0 96. 2 101.6 105.5 114.7 
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Appendix C. Labor Requirements for the Forage Crops 
In the section on land resources it was assumed that a certain quanti­
ty of the available acreage was devoted to hay and pasture crops. Labor 
was committed, therefore, to the seeding and harvesting of these crops 
and to the oats which was used as a nurse crop with them. The acreage 
so employed is considered in Appendix A. The acreage so specified 
Table 34. Operator's labor required in seeding and 
harvesting forage and oats, Washington 
Township 
Crop March April May Jxxne July Aug. Sept. 
Alfalfa-brome 39.78 33.88 28.60 
Red clover-
timothy 55.78 44.19 8.37 19.52 
Oats 14.59 36.78 77.06 77.06 
Total 14.59 36.78 95.56 155.13 85.43 48.12 
multiplied by the labor requirement per acre as given in Table 8 in­
dicates the amount of the farm operator's labor which is committed to 
forage crops and oats seeded in conjunction with them. As an example, 
Washington Township is considered. this instance 36. 7 acres is 
seeded to red clover-timothy, 8. 8 acres to alfadfa-brome and 41.1 
acres to oats. The number of hours of the farm operator's labor 
which is required for the seeding and harvesting of these crops is 
shown in Table 34. 
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Appendix D. Computation of the Number of Hours per Month 
in Which the Weather Was Suitable for Field 
Operations 
The daily work records of the Agronomy Farm at Ames were used 
to estimate the niunber of hours per month s\iitable for field opera­
tions. 
Table 35. Hours per month suitable for field 
operations 
Month Number of Hours 
March 26.5 
April 183.8 
May 207.5 
June 201.3 
July 237.6 
August 232.0 
September 232.0 
October 241.0 
November 167.5 
Shelling of com continues into December but weather was not 
considered to be a serious limitation to this operation. The number 
of hours per month suitable for field operations is given in Table 35. 
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Appendix £. Method of Computing Crop Production Costs 
The production costs for the five grain crops and two hay crops 
considered were computed under the two usual headings, constant 
and variable. The computation follows closely the method used by 
Jensen. ^ 
Constant costs for each crop were computed under the following 
headings: overhead tractor costs, operating tractor costs, fixed 
machinery costs, seed costs and building costs. The figure derived 
by Jensen for the 1949 crop year for each of these categories except 
seed cost was used. The following indices were used to project 
costs for the five-year period 1948 to 1952, which was the period sel­
ected for cost determination. The Iowa motor vehicle index was used 
to determine overhead tractor costs, Iowa auto supply index to deter­
mine operating tractor costs, Iowa farm machinery index to determine 
fixed machinery costs, and Iowa service buildings material index was 
used to adjust the 1949 building material and labor costs. Deprecia­
tion, repairs, interest on investment and insurance cost were included 
in building cost. Seed prices were computed from the average price 
paid by farmers in Iowa as published in the United States Department of 
Agricultxire "Crops and Markets. " The price obtained was multiplied 
by the recommended seeding rate to obtain the cost per acre. The 
computation of constant costs per acre for the five grain crops, two hay 
crops and pasture is given in Tables 36 through 43. 
^Jensen, op. cit., pp. 231-239. 
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Table 36. Constant coat per acre of producing corn 
1948 - 1952 
Yea* 
Overhead 
tractor 
costs 
Operating 
tractor 
costs 
Fixed 
machinery 
cost 
Seed 
costs 
Building 
cost 
Total Five 
year 
average 
1948 2.11 2. 76 4.94 1.92 2.59 14.32 
1949 2. 38 2.71 5. 75 2.00 2. 59 15.43 
1950 2.39 2. 73 5.94 2.00 2.77 15.83 15.81 
1951 2.60 2.92 6. 23 2. 00 2.99 16.74 
1952 2.60 2.92 6. 23 2.00 2.99 16.74 
Table 37. Constant cost per acre of producing oats 
1948 - 1952 
Year 
Overhead 
tractor 
costs 
Operating 
tractor 
costs 
Fixed Seed 
machinery costs 
costs 
Building 
cost 
Total Five 
year 
average 
1948 2.19 1.41 3.26 2.91 2. 10 11.87 
1949 2.46 1.39 3.80 2.10 2.10 11.85 
1950 2.46 1.40 3.92 2. 64 2.25 12.67 12. 65 
1951 2.69 1.50 4.12 2.70 2.43 13.44 
1952 2. 69 1.50 4.12 2. 70 2. 43 13.44 
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Table 38. Constant cost per acre of producing soybeans 
1948 - 1952 
Overhead Operating Fixed Seed Building Total "Five 
Year tractor 
costs 
tractor 
costs 
machinery costs 
cost 
cost year 
average 
1948 2.11 2.70 4. 22 5.62 1.34 15.99 
1949 2.37 2.65 4.91 4.32 1.34 15.60 
1950 2.38 2.67 5.07 3.90 1.44 15.47 16.17 
1951 2. 59 2.86 5.32 4.92 1.55 17. 26 
1952 2.59 2.86 5.32 4. 20 1.55 16.54 
Table 39. Constant cost per acre of producing flax 
1948 - 1952 
Overhead Operating Fixed Seed Building Total Five 
Year tractor 
costs 
tractor 
costs 
machinery costs 
cost 
cost year 
average 
1948 2.19 1.41 3. 26 5.85 2.09 14.80 
1949 2.46 1.39 3.80 5.70 2.09 15.44 
1950 2.47 1.39 3.92 3.56 2.24 13.58 14.73 
1951 2. 69 1.49 4.11 4.60 2.42 15.31 
1952 2.69 1.49 4.11 3.83 2.42 14.54 
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Table 40. Constant cost per acre of producing wheat 
1948 - 1952 
Overhead Operating Fixed Seed Building Total Five 
Year tractor 
costs 
tractor 
costs 
machinery costs 
cost 
cost year 
average 
1948 2. 34 1.99 3.94 4.38 1.34 13.99 
1949 2.63 1.95 4.59 4.16 1.34 14.67 
1950 2. 64 1.97 4.74 3.76 1.43 14.54 15. 15 
1951 2. 88 2.11 4.97 4.16 1.55 15.67 
1952 2. 88 2.11 4.97 5.36 1.55 16.87 
Table 41. Constant cost per acre of producing red 
clover-timothy hay 19^ - 1952 
Overhead Operating Fixed seed Building Total Five 
Year tractor tractor machinery costs cost year 
costs costs cost 
1948 2. 12 2.82 3.84 5.79 2.43 17.00 
1949 2.38 2. 77 4.47 5.62 2.43 17.67 
1950 2.39 2. 79 4.62 6.00 2.62 18.42 17.65 
1951 2.60 2.99 4.84 4.08 2.83 17.34 
1952 2. 60 2. 99 4.84 4.56 2.83 17.82 
Year 
1948 
1949 
1950 
1951 
1952 
Year 
1948 
1949 
1950 
1951 
1952 
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Table 42. Constant cost per acre of producing alfalfa-
brome hay 1948 - 1952 
UverEeaS Operating Fixed Seed HuHcUng Total Five 
tractor 
costs 
tractor 
costs 
machinery costs 
cost 
cost year 
average 
2.15 4.61 5.44 5.30 2.45 19.95 
2.42 4.53 6.33 6.82 2.45 22.55 
2. 43 4.56 6.54 6.78 2.62 22. 93 22. 56 
2. 65 4. 88 6.86 6.44 2.83 23.66 
2.65 4.88 6.86 6.48 2.83 23. 70 
Table 43. Constant cost per acre of producing rotated 
pasture 1948 - 1952 
Overliead Operating Fixed Seed Total Five year 
tractor 
costs 
tractor 
costs 
machinery costs 
cost 
average 
.09 . 20 .28 5.30 5.87 
. 10 .19 .33 6.82 7.44 
. 10 . 19 .34 6.78 7.41 7.00 
. 11 . 21 .35 6.44 7. 11 
. 11 . 21 .35 6.48 7. 15 
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Variable cost includes real estate taxes per acre and the hire of 
custom machine services and labor at harvest time. The former 
figure was computed from an index of farm real estate taxes per acre 
by county. The real estate tax per acre, averaged for the five year 
period 1948-1952, is shown in Table 44. 
The additional component of variable costs was computed on a per 
bushel or ton basis. In the case of corn a charge of $. 02 per bushel 
was made for shelling, $. 025 per bushel for custom haxiling to market, 
$. 0001 per bushel charge was made for electricity for elevating the 
corn. These three items total $. 0451 per bushel. To this was added 
an additional hired labor charge of . 0225 man hours per bushel. This 
figure was multiplied by the appropriate wage rate per hour. Wage 
rates per hour by season for the five year period 1948 - 1952 are shown 
in Table 45. As an example, the variable cost for harvest machine 
services and hired labor per bushel for Appanoose County in 1948 
would be .0225 times the wage rate, ^.82 per hour, plus ^.0451, 
equals $, 06355. This figure multiplied by the yield per acre, fifty 
one bushels, indicates a variable cost component of |S3. 26 per acre. 
The same process was carried out for each of the five years considered 
and for each township. In the case of the other grain crops a charge was 
made for hauling and elevating only, which totaled $. 0251 per bushel, 
plus .0125 man hours of hired labor at the appropriate wage rate. The 
completed computation for each crop in the townships considered is 
shown in Table 7. 
A hired labor charge was added to the constant cost and real 
estate tax cost per acre to arrive at the total production cost per acre 
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Table 44. Average real estate tax in dollars per acre 
for the period 1948 - 1952 by counties'!' 
County Tax per acre 
Appanoose 1.13 
Benton 2.45 
Clarke 1.50 
Clayton 1.86 
Howard 1.67 
Kossuth 1.84 
Lee 1.50 
Louisa 2.48 
Lyon 1.80 
Monona 2.13 
Montgomery 2. 21 
Polk 3.56 
Scott 2.51 
Sioux 1.76 
jljC 
Index of Iowa Farm Real Estate Taxes. 
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for hay shown in Table 7. Township data was not available for hay yields 
so United States Census data was used to arrive at the county yield 
figure as shown in Table 10. Two and one-tenth man hours per ton 
was hired for baling^ and . 84 man hours per ton was hired for hauling 
Table 45. Farm wage rates per ten l^ur day without 
board atnd room for Iowa 1948 - 1952 
Year April 1 July 1 Oct. 1 
1948 6.90 7.50 8.20 
1949 7.20 7.40 7.60 
1950 7.00 7.60 7.90 
1951 8.00 8.50 8.50 
1952 8.40 9.00 9.10 
^Farm labor. United States Department of Agriculture. Washington. 
D. C., U. S. Govt. Priat. Off. 
2 
and imloading of the hay. b Harrison Township, Kossuth County, for 
example, a hired labor input of 5.88 man hours per acre was required 
for alfalfa-brome at an average cost for the five year period of $.80 
per hour. Therefore the per acre cost was $4. 70. On the same basis, 
4.41 man hours of hired labor was required per acre of red clover-
timothy, resulting in a per acre cost of $3.53. There was no corres­
ponding labor cost for rotated pasture. Therefore capital service 
input shown in Table 7 consists of constant costs and real estate taxes 
only. 
Schmitte, Richard George, Jr., Economic analysis of haying methods 
in eastern Xowa. Unpublished M. S. Thesis. Ames, Iowa, Iowa State 
College Library. 1947. p. 19. 
2 Jensen, op. cit., p. 237. 
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Appendix F. Computation of the Two Price Situations Used 
It was indicated in the text that average prices for the 1941 - 1944 
period were used to investigate the effect of a change in the price ratios 
on the optimxun (revenue maxizniaing) program. The 1941 - 1944 
average prices were adjusted to the 1948 - 1952 level by mxdtiplying 
each of the 1941 - 1944 average prices by the constant 01.43/^0.89 -
1. 6067, which is the ratio of the average corn price in 1948 - 1952 
to the average for 1941 - 1944. The average price per bushel of each 
competitive crop for the period 1948 - 1952 and 1941 - 1944 is shown 
in Table 46. The price ratios for the 1941 > 1944 period adjusted to 
the 1948 - 1952 level appear in Table 47. 
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Table 46. Average price per bushel of specified crops 
for the periods 1948 - 1952 and 1941 - 1944 
Crop 1948 - 1952 1941 - 1944 
Corn 1.43 .89 
Oats .76 .57 
Soybeans 2.54 1.74 
Flax 3.97 2.44 
Wheat 2.03 1.22 
Iowa Crop and Livestock Reporting Service. Unpublished data. 
Iowa Crop and Livestock Reporting Service. Des Moines, Iowa. 
Table 47. Average price per bushel of specified crops 
for the period 1948 - 1952 
and 
price ratios for 1941 - 1944 adjusted to 
1948 - 1952 level 
Crop 1948 • - 1952 1941 - 1944 
Corn 1. 43 1.43 
Oats • 76 .92 
Soybeans 2. 54 2.80 
Flax 3. 97 3.92 
Wheat 2. 03 1.96 
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Appendix G. Computation of Net Prices for Unlimited Capital 
Situations, and for Unlimited Capital and Unlimited 
Labor Situations 
The unlimited capital situations were smalyzed by using **net prices*'. 
The assumption in these instances is that the farmer can acquire as 
much capital as he considers profitable to use. Therefore, while 
capital availability will not limit production of any crop, the quantity 
of capital services required relative to the price of a unit of the crop 
is important. Net prices were computed by deducting the capital service 
input from the price per bushel. Table 48 contains the net prices for the 
1948 - 1952 period while those for the 1941 - 1944 price ratios are given 
in Table 49. 
In the situations where labor as well as capital was considered un­
limited a further deduction had to be made to arrive at an appropriate 
net price. By unlimited labor it is meant that labor can be hired in the 
quantity and at the times that the farmer needs it and that it is homo­
geneous in quality. This being the case labor is not essentially different 
in its availability than seed, fertilizer, tractor fuel or other capital 
service inputs. The hours of labor required by months for each crop 
have been multiplied by the appropriate wage rate (Table 50). The 
resulting quantities were divided by the township yield for each crop to 
give the labor cost per bushel. These figures appear in Table 51. 
The net prices with both capital and labor considered unlimited 
appear in Tables 52 and 53. The net revenue in situations 6 and 12 
were computed from the prices in Tables 52 and 53. 
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Table 48. Average crop prices 1948 - 1952 with capital 
service input per bushel deducted 
Township Corn Oats Soybeans Flax Wheat 
Washington .80125 .19348 1.34127 
Harrison B .98851 .26075 1.16926 
Troy .89807 .26739 1.44889 
Grand Meadow 1.07532, 
1.06549 
. 38202, 
.34737* 
1.29460, 
1.25927* 
Saratoga .89481 .25771 .87453 
Harrison K 1.03400 .32779 1. 29194 2. 54922 
Cedar .97976 .26481 1.56635 1. 05437 
Oakland .95383 .17864 1.32375 
LiOgan .91800 .35260 1.20997 2. 65988 
Jordan .90750 .07215 1.27594 • 99771 
Lincoln M .98099 .17514 1.26594 • 97065 
Lincoln P 1.05449 .31700 1.55665 1. 07000 
Sheridan 1.09288 .38515 1.68605 1. 25785 
Reading .93285 .31088 1.49881 2. 08446 
*The July labor requirement in Grand Meadow Township was more 
than could be supplied by the operator alone. In the situations where 
no family labor was available, additional labor had to be hired which 
increased the capital service input. 
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Table 49. Average crop prices 1941 - 1944 adjusted to 1948 > 
1952 level with capital service input per bushel 
deducted 
Township Corn Oats Soybeans Flax Wheat 
Washington .80125 .35348 1.60127 
Harrison B .98851 .41975 1.42926 
Troy .89807 .42739 1.70889 
Grand Meadow 1.07532, 
1.06549 
. 54202, 
.50737* 
1.55460 
1.51927* 
Saratoga .89481 .41771 1.13453 
Harrison K 1.03400 .48779 1.55194 2.49922 
Cedar .97976 .42481 1.82635 .98437 
Oakland .95383 .33864 1.58375 
Logan .91800 .51260 1.46997 2.60988 
Jordan .90750 .23215 1.53594 .92771 
Lincoln M .98099 .33514 1.52594 .90065 
Lincoln P 1.05449 .47700 1.81665 1.00000 
Sheridan 1.09288 .54515 1.94605 1.18785 
Reading .93285 .47088 1.75881 2.03446 
The July labor requirement in Grand Meadow Township, Clayton 
County, was more than could be supplied by the operator alone. In 
the situations where no family labor was available additional labor 
had to be hired which increased the capital service input. 
Table 50. Average labor cost per acre for specified crops in Iowa, 
1948 - 1952 
Hours L>abor^ Hours EaBorj^ Hovirs Labo^ Total labor 
Crop required cost required cost required cost cost per acre 
Mar. -May June-Aug. Sept. -Dec. 
Corn 2. 366 $1.7745 1.666 f1.3328 2. 968 $Z. 4515 $5.56 
Oats 1. 250 $ .9375 3.750 $3.0000 0 0 $3.94 
Soybeans 2. 046 $1.5345 1.536 $1. 2288 2.418 $1.9972 $4. 76 
Flax 1.250 $ .9375 3.750 $Z. 0000 0 0 $3.94 
Wheat 0 0 4.572 $3.6576 1.428 $1.1795 $4.84 
^Average wage rate for April 1, July 1 and October 1 were used for the three periods 
respectively. The rates appear in Appendix E. 
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Table 51. Average labor cost per bushel by township 
1948 - 1952 
Township Corn Oats Soybeans Flax Wheat 
Washington .17910 .15087 .31696 
Harrison B .11331 .11886 .33960 
Troy .14611 .12653 .27967 
Grand Meadow .09102 .09122 .31696 
Saratoga .15006 .12653 .43222 
Harrison K .11104 .10601 .31696 .32688 
Cedar .12070 .12653 .25023 .26771 
Oakland .12338 .14009 .29715 
Logan .13881 .10058 .33960 .30173 
Jordan .13881 .17054 .31696 .28346 
Lincoln M .11813 . 14528 .31696 .28346 
Lincoln P .08955 .09806 .22640 .24094 
Sheridan .08287 .08717 .20671 . 20078 
Reading .13220 .11207 .26413 .43583 
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Table 52. Average crop prices 1948 - 1952 with capital 
service input and labor cost per bushel 
deducted 
Township Corn Oats Soybeans Flax Wheat 
Washington .62215 .04261 1.02431 
Harrison B .87520 .14189 .82966 
Troy .75196 .14086 1.16922 
Grand Meadow .98430 .29080 .97764 
Saratoga .74475 .13118 .44231 
Harrison K .92296 .22178 .97498 2. 22234 
Cedar .85906 . 13828 1.31612 .78666 
Oakland .83045 .03855 1.02660 
Logan .77919 . 25202 .87037 2. 35815 
Jordan .76869 -.09839 .95898 .71425 
Lincoln M .86 286 .02986 .94898 .68719 
Lincoln P .96494 .21894 1.33025 .82906 
Sheridan 1.01001 .29798 1.47934 1.05707 
Reading .80065 .19881 1.23468 1.64863 
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Table 53. Average crop prices 1941 - 1944 adjusted to 
1948 - 1952 level with capital service input 
and labor cost per bushel deducted 
Township Corn Oats Soybeans Flax Wheat 
Washington .62215 .20261 1.28431 
Harrison B .87520 .30089 1.08966 
Troy .75196 .30086 1.42922 
Grand Meadow .98430 .45080 1.23764 
Saratoga .74475 .29118 .70231 
Harrison K .92296 .38178 1.23498 2. 17234 
Cedar .85906 .29828 1.57612 .71666 
Oakland .83045 .19855 1.28660 
Logan .77919 .41202 1.13037 2. 30815 
Jordan .76869 .06161 1.21898 .64425 
Lincoln M .86286 .18986 1.20898 .61719 
Lincoln P .96494 .37894 1.59025 .75906 
Sheridan 1.01001 .45798 1.73934 .98707 
Reading .80065 .35381 1.49468 1. 59863 
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Appendix H. Computation of Net Revenue in Production of Hay. 
Oats and Rotated Pasture 
The township yields of hay and oats which appear in Table 10 were 
multiplied by net prices (price minus capital service input per unit) 
to arrive at the net revenue for each crop. The value of rotated 
pasture was considered to be the value of the hay which might other­
wise have been produced, less the cost of harvesting the hay. The 
values calculated in this manner are given in Tables 54 and 55. Two 
price situations are shown, the 1948 - 1952 average and the 1941 -
1944 price ratio adjusted to the 1948 - 1952 level. 
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Table 54. Net value of hay, oats and rotated pasture in 
dollars by townships. 1948 - 1952 
Township Hay Oats 
Rotated 
pasture Total 
Washington 22. 47 206.75 0 229. 22 
Harrison B 219. 26 210.82 923.64 1. 353.72 
Troy -66.33 302.55 0 236. 22 
Grand Meadow 487.84 732.64 1,086.40 2. 306.88 
Saratoga 34.47 288.40 332. 26 655.13 
Harrison K 129.59 168.58 229. 77 527.94 
Cedar 117.59 182. 24 119.16 418.99 
Oakland 116.55 124. 05 535.35 775.95 
Logan 203.81 156.77 267. 47 628.05 
Jordan 233.94 26.38 289.63 549.95 
Lincoln M 154. 46 113.49 288.29 556. 24 
Lincoln P 204.11 219.36 386.80 810. 27 
Sheridan 414.91 331.69 534. 69 1. 281. 29 
Reading 175.31 106.63 171.41 453.35 
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Table 55. Net value of hay, oats and rotated pasture in 
dollars by townships, 1941 - 1944 price 
ratios adjusted to the 1948 - 1952 price 
level 
ToMmship Hay Oats 
Rotated 
pasture Total 
Washington 468.69 377. 73 0 846.42 
Harrison B 541. 25 339.37 1,722. 78 2,603.40 
Troy 275.72 483.59 0 759.31 
Grand Meadow 1,020.60 1,039.49 1,933. 21 3,993. 30 
Saratoga 273.94 467.46 685.56 1,426.96 
Harrison K 292.51 250.87 458.50 1,001.88 
Cedar 395.11 292. 35 222.87 910.33 
Oakland 269.66 235.15 1,052. 34 1,557. 15 
JLogan 390.79 227.90 483.28 1,101.97 
Jordan 478.18 84.90 582. 96 1,146.04 
Lincoln M 421. 29 217.17 581.62 1,220.08 
Lincoln P 431.63 330.08 738.19 1,499.90 
Sheridan 779.10 469.48 923. 34 2,161.92 
Reading 344. 75 161.51 304.54 810.80 
